This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://books.google.com/books?id=-2sgSpkHErkC&ie=ISO-8859-1&output=pdf




346 BEVERAGES AND CONDIMENTS.

““In Kaffraria the troops were so placed that they had no means of obtaining liguor of
any kind ; and all attempts of the * Winklers’ to infringe the police regulations were
so summarily and heavily punished by fines and expulsion, that the illicit trade was
effectually suppressed by Colonel Mackinuon, the Commaundant of British Kaffraria;
and the consequence was, that drunkenness, disease, crime, and insubordination were
unknown ; and yet that army was frequently placed in the very positior that the
advocates for the issue of spirits would have said required a dram.

‘“Small as the amount of sickness and mortality was in the Crimea during the winter
1855-56, they would have been reduced one-half, I am quite sure, could the rule that
was observed in Kaffirland have been enforced there.”

In the same Kaffir war (1852), a march was made by 200 men from
Graham’s Town to Bloemfontein and back ; 1000 miles were covered in
seventy-one days, or at the rate of nearly 15 miles daily; the men were
almost naked, were exposed to great variations of temperature (excessive heat
during day ; while at night water froze in a bell-tent with twenty-one men
sleeping in it), and got as rations only biscuit, meat 13 b, and what game
they could kill.  For drink they had nothing but water. ~ Yet this rapid and
laborious march was not only performed easily, but the men were *more
healthy than they had ever been hefore; and after the first few days
ceased to care about spirits.  No man was sick till the end of the march,
when two men got dysentery, and these were the only two who had the
chance of getting any liquor.”

In the last New Zealand war, Dr Neill found that the troops marched
better, even when exposed to wet and cold, when no spirits were issued, than
when there was a spirit ration. .

In the expedition to the Red River, under Sir Garnet (now Viscount)
Wolseley, no aleoholie liquor was issued. Two accounts of this remarkable
march have heen published—one by the late Captain Huyshe,! and the
other by an officer who wrote an interesting account of the march in Black-
wood's Magazine?  Captain Huyshe said :—

¢ Although it was an unheard-of thing to send off an expedition into a wilderness for
five months without any spirits, still as the backwoodsman was able to do hard work
without spirits, it was rightly thought that the British soldiers could do the same. The
men were allowed a large duily ration of tea, 1 oz. per man—practically as much as they
could drink ; and, as Lam now on this subject of bohea versus grog, 1 may as well stats
that the experiment wis most successtul.  The meu of no previous exrediﬁon bave ever
been called upon to perform larder or more continuous labour for ¢=e= ==
They were always cheery, aud worked with a zealous will that ec
This expedition would have been a bright era in our military a
result than that of proving the fallacy hitherto believed in of the
our men when in the field with intoxieating liqguors.”

-—m—tla

The writer in Blackwood’s Magazine says :

““The men were pictures of good health and soldier-like conditi
Prince Arthur's Landing and the other larger camps.  The men ]
and potatoes every day. No spirits were ullowed throughout the
but all ranks had daily a large ration of tea. This was one of th
peditions ever undertaken by English troops where intoxicating |
of the daily ration. It was an experiment based upon the practi
where the lumbermen, who spend the whole winter in the backwot
hardest labour, and exposed to a freezing temperature, are allowe
an unlimited quantity of tea.  Our old-fashioned generals accep'
to question its truth, the traditional theory of rum being essenti
soldier in health and humour.  Let us hope that the experience we have ast
the Red River expedition may have buried for ever this old-fogyish supers
have the soldiers of any nation heen called upon to perform more unceast
and it may be confidently asserte:dl without dread of contradiction, th

! Jowrnal, United Sereive Institution, 1871 vol. xv. p. 74
® Jauuary 1871, p. 64.
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PREFACE-TO THE EIGHTH EDITION.

—_—

SINCE Dr Parkes’ death in 1876, three editions of the Manual of
Hygiene have been edited by the late Professor de Chaumont.
Much new matter was introduced and considerable alterations made
during this period. When Dr de Chaumont died in 1888, he left no
‘notes or papers indicating that he contemplated any change in the
general plan of the Manual ; I have therefore adhered to the same
arrangement which has appeared to meet all the requirements of
students in Sanitary Science. While the scope of the work remains
unchanged, every chapter has undergone careful revision, and as far
as possible been brought up to date; indeed, there is scarcely a page
in which additions or alterations do not occur. By the exercise of
careful compression and the omission of some obsolete matter, the
bulk of the work has only been increased by a few pages.

I have to thank Mrs Bruce for the drawings illustrating the
characters of Starches and Bacteria.

I take this opportunity of acknowledging the assistance I have
received from my friend and colleague, Surgeon A. M. Davies,
Assistant Professor of Military Hygiene, who has kindly given me
material help in this revision, and for whose advice and valuable

suggestions I beg to tender my best thanks.

J. LANE NOTTER.

LEIGH GRANGE,
‘WOOLSTONE, SOUTHAMFTON,
July 1891,
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INTRODUCTION.

HyGIENE is the art of preserving health ; that is, of obtaining the most
perfect action of body and mind during as long a period as is consistent
with the laws of life. In other words, it aims at rendering growth more
perfect, decay less rapid, life more vigorous, death more remote.

This art has been practised from the earliest times. Before Hippocrates
there were treatises on hygiene, which that great master evidently embodied
in his imcomparable works. It was then based on what we should now call
empirical rules, viz., simply on observations of what seemed good or bad
for health. Very early, indeed, the effects of diet and of exercise were
carefully noticed, and were considered the basis of hygiene.! Hippocrates,
indeed, appears to have had a clear conception of the relation between the
amount of food taken and of the mechanical energy produced by it; at
least, he is extremely careful in pointing out that there must be an exact
balance between food and exercise, and that disease results from excess
either way. '

The effects on health of different kinds of air, of water, and to some extent
of soils, were also considered at a very early date, though naturally the
ignorance of chemistry prevented any, great advance in this direction.
Hippocrates summed up the existing knowledge of his time in the six
articles, which in after-days received the absurd name of the “Non-
naturals.”? The six articles, whose regulation was considered indispensably
necessary to the life of man, were—air, aliment, exercise and rest, sleep, and
wakefulness, repletion and evacuation, the passions and affections of the
mind.

With the exception of the attempts of the alchemists, and of the chemi-
cal physicians, to discover some agent or drug which might increase or

1 Herodicus, one of the preceptors of Hippocrates, was the first to introduce medicinal
gymnastics for the improvement of health and the cure of disease: though gymmastics in
training for war had been used long before. Plutarch says of him that, labouring under a
decay which he knew could not be perfectly cured, he was the first who blended the

mnastic art with physic, in such a manner as protected to old age his own life and the
fi{'es of others afflicted with the same disease. He was censured by Plato for keeping alive
persons with crazy counstitutions.—Mackenzie on Health.

2 This title originated in a sentence of Galen, and was introduced into use by the jargon of
the Peripatetic school. It was employed in all treatises on bygiene for probably nearly 1500
years.



xviil INTRODUCTION.

stationary ; of decay, when, without actual disease, though, doubtless in
consequence of some chemical changes, molecular feebleness and death
commence in some part or other, forerunning general decay and death.

In these several epochs of his life, the human being would have to be
considered—

1st, In relation to the natural conditions which surround him, and which
are essential for life, such as the air he breathes; the water he drinks; his
food, the source of all bodily and mental acts ; the soil which he moves on,
and the sun which warms and lights him, &c. ; in fact, in relation to nature
at large.

2ad, In his social and corporate relations, as a member of a community
with certain customs, trades, conditions of dwellings, clothing, &e.; sub-
jected to social and political influences, sexual relations, &c.

3rd, In his capacity as an independent being, having within himself
sources of action, in thoughts, feelings, desires, personal habits, all of which
affect health, and which require self-regulation and control.

Even now, incomplete as hygiene necessarily is, such a work would, if
followed, almost change the face of the world. But would it be followed $

In some cases the rules of hygiene could not be followed, however much
the individual might desire to do so. For example, pure air is a necessity
for health ; but an individual may have little control over the air which
surrounds him, and which he must draw into his lungs. He may be power-
less to prevent other persons from contaminating his air, and thereby
atriking at the very foundation of his health and happiness. Here, as in
so many other cases which demand regulation of the conduct of the indi-
viduals toward each other, the State steps in for the protection of its
citizens, and cnacts rules which shall be binding upon all. Hence arises
what is now termed ¢ State Medicine,” a  tter of the greatest importance.
The fact of *State Medicine” being possible marks an epoch in which
some sanitary rules receive a general consent, and indicates an advancing
civilisation. Fear has been expressed lest State Medicine should press too
much on the individual, and should lessen too much the freedom of per-
sonal action. This, however, is not likely, as long as the State acts
cautiously, and only on well-assured scientific grounds, and as long as an
unshackled Press discusses with freedom every step.!

1 A watchful care over the health of the people, and a due regulation of matters which con-
cern their health, is certainly one of the most important functions of Government. The fact
that, in modern times, the subject of h{lgiene generally, and State Medicine in icular, has
commenced to attract 80 much the public attention, is undoubtedly owing to the application
of statistics to public health. It is impossible for any nation, or for any Government, to
remain indifferent when, in which admit of no denial, the national amount of health
and hal;))pines, or disease and suffering, is determined. The early Statistical Reports of the
Army by Tulloch, Marshall, and Balfour directed attention to the importance of this matter.
The establishment of the Registrar-General’s office in 1838, and the commencement of the
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There are, however, some cases in which the State cannot easily interfere,
though the individual may be placed under unfavourable hygienic conditions
by the action of others. For example, in many trades, the employed are
subjected to danger from the carelessness, or avarice, or ignorance of the
employers. Every year the State is, however, very properly more and more
interposing and shielding the workman against the dangers which an
ignorant or careless master brings on him.

But in other cases the State can hardly interpose with effect; and the
growth of sanitary knowledge and the pressure of public opinion alone can
work a cure, as, for example, in the case of the dwellings of our poorer classes.
In many parts of the country the cottages are unfit for human beings; in
many of our towns the cupidity of builders runs up houses of the most
.miserable structure, for which there is unhappily no lack of applicants; or
masters oblige their men to work in rooms or to follow plans which are
most detrimental to health.

But even in such cases it will be always found that self-interest would
really indicate that the best course is that we should do for our neighbours
as for ourselves. Analyse also the effect of such selfishness and carelessness
as has been referred to on the nation at large, and we shall find that the
partial gain to the individual is far more than counterbalanced by the injury
to the State, by the discontent, recklessness, and indifference produced in
the persons who suffer, which may have a disastrous national result. It
is but too commonly forgotten that the whole nation is interested in the
proper treatment of every one of its members, and in its own interest has a
right to see that the relations between individuals are not such as in any
way to injure the well-being of the community at large.

In many cases, again, the employer of labour finds that by proper sanitary
care of his men, he reaps at once an advantage in better and more zealous

system of accurately recording births and deaths, will hereafter be found to be, as far as the
happiness of the people is concerned, one of the most important events of our time. We owe
& nation’s lﬁl;:titude especially to him to whose sagacity the chief fruits of the inquiry are
due, to William Farr.

Another action of the Government in our day was scarcely less im'Fortant. It is impossible
to overrate the value of the Government Inquiry into the Health of Towns, and of the country
g?netally, which was commenced forty years by Edwin Chadwick, Southwood Smith,

eil Arnott, Sutherland, Guy, Toynbee, and others, and has, in fact, been continued ever
since by the official successors of these pioneers, the former medical officer to the Privy
Council, 8ir J. Simon, the late Dr Seaton, and the present medical officer of the Local Govern-
ment Board, Dr Buch Consequent on this movement came the appointment of medical
officers of health to the different towns and parishes. The reports published by many of
these gentlemen have greatly advanced the subject, and have done much to diffuse a know-
ledge of hygiene among the people, and at the same time to extend and render precise our
knowledge of the conditions of national health. When the effect of all these researches and
measures develops itself, it will be seen that even great wars and political earthquakes are
really nothing in comparison with these silent social changes. Even now, legislation, such
a8 the Public Health Act, 1875, and the various measures since passed, is beginning to exert
& deep influence. islation, and action based on legislation, can only proceed slowly, and
:e must be satisfied if there be a continual advance, though it may not be so rapid as some

esire.
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work, in fewer interruptions from ill health, &c., so that his apparent outlay
is more than compensated.

This is shown in the strongest light by the army. The State employs a
large number of men, whom it places under its own social and sanitary con-
ditions. It removes from them much of the self-control with regard to
hygienic rules which other men possess, and is therefore bound by every
principle of honest and fair contract to see that these men are in no way
injured by its system. But more than this: it is as much bound by its
self-interest. It has been proved over and over again that nothing is so
costly in all ways as disease, and that nothing is so remunerative as the
outlay which augments health, and in doing so augments the amount and
value of the work done.

It was the moral argument as well as the financial one which led Lord
Herbert to devote his life to the task of doing justice to the soldier, of
increasing the amount of his health, and moral and mental training, and,
in so doing, of augmenting not only his happiness, but the value of his
services to the country.



BOOK 1.

CHAPTER L
SOILS.

TaE term soil is used here in a large sense, to express all the portion of the
crust of the earth which by any property or condition can affect health.
The subdivision into surface soil and subsoil is often very useful ; and these
terms need no definition.

SECTION L.
CONDITIONS OF SOIL AFFECTING HEALTH.

Soil consists of mineral, vegetable, and often animal substances, in the
interstices of which are also air and often water.

In reviewing the conditions which affect health, it will be convenient to
commence with the air and the water in soils.

Sus-SecrioN I.—THE AIR IN THE SoIL.

The hardest rocks alone are perfectly free from air; the greater number
even of dense rocks, and all the softer rocks, and the loose soils covering
them, contain air. The amount is in loose sands often 40 or 50 per cent. ;
in soft sandstones, 20 to 40 per cent. The loose soil turned up in agricul-
tural operations may contain as much as 2 to 10 times its own volume of air.

The mature of the air in soils has been examined by a good many
observers; it is mostly very rich in carbon dioxide, is very moist, and
probably contains effluvia and organic substances, derived from the animal
or vegetable constituents, which have not yet been properly examined.
Occasionally it contains carburetted hydrogen, and in moist soils, when the
water contains sulphates, a little hydrogen sulphide may be found. It has
been examined by Nichols!in America, Fleck 2in Dresden, Fodor 3 in Buda-
Pesth, Lewis and Cunningham 4 in Calcutts, and many others. Nichols
made his experiments in the Back-Bay lands of Boston, Massachusetts,—land
made by throwing gravel upon sea mud. His first series of experiments

1 Sixth R?ort of Board of Health, Massachusetts, 1875.

3 gter and bwer Jahresbericht der chemischen Centralstelle, Dresden, 1876.

3 Deutsche Vierteljahrschrift fur offentliche Gesundheit., Band vii. p. 205, 1875; also
Hggie.nisi:lswnl]ntermhungm Luft, Boden, und Wasser, von Dr Josef Fodor, Braun-
schweig, A

4 Lewis, Physiological and Pathological Researches, 1888.

A
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was upon air drawn from depths of 3§ to 5} feet. There was no hydrogen
sulphide, and only a little ammonia ; the CO, was from 149 to 2-26 volumes
per 1000, and varied inversely as the height of the ground water, which was
very near the surface. This relation, however, was not constant at a depth
of 6 to 10 feet. Fleck found at 2 metres the CO; 29°9 per 1000, and the
oxygen 163-3; at 6 metres the CO, 796, and the oxygen 148:5. Fodor
found (out of 13 observations) at 1 metre from 8:99 to 10-39 of CO,, and
oxygen from 187°97 to 213-35; at 4 metres (11 observations) from 26-31
to 6445 CO,, and oxygen from 17906 to 185-32. The great amount of
CO, points to very intense chemical changes in the ground, especially in
the deep strata, but at the same time it may be very variable in different

1 places. The amount of oxygen was in a measurc inversely as the CO,
At a depth of 4 metres (13 feet) the air would be irrespirable, and would
extinguish a light. (How many cellars go as deep as 13 feet into the
ground, and the cellar air feeds the house with air!) From the examina-
tion of the organic matter, he comes to the conclusion that it is not
necessarily its oxidation on the spot that produces the CO, and that
therefore the latter cannot be taken, except under certain oon(fitions, as a
measure of impurity, depending as it does to a large extent upon the perme-
ability of the soil. He found no hydrogen sulphide, but a good deal of
nitric acid and ammonia, the relative quantities depending upon free access

{ of air or otherwise. As regards moisture, the mean percentage of humidity
was 807 at 2 metres and 93-8 at 4. Lewis and Cunningham, in their
observations at Calcutta, found results somewhat similar to those of Fodor,
the CO, being greatest in the lower strata examined. They considered that
the fluctuation in the amount of CO, must be due to one or other of two
causes: (1) variation in amount produced; (2) variation in amount
accumulated, which would depend on the amount of soil-ventilation ; and that
this latter cause was the most operative in Calcutta. The CO, increased with
the rainfall, the effect of the rain being to close the pores in tine upper layers
of the soil and so retain the CO,. Soil temperature they did not consider
to have any effect. The composition of soil air differs at different times and
seasons, the absolute and relative amounts of the constituents varying under
varying conditions.

Professor Wollny! shows that the amount of CO, depends upon the
factors of the decomposition of organic matter (heat, moisture, and porosity)
as affected by the physical nature of the ground and its covering, and on the
physical resistance that the ground presents to its escape. The CO, is at
its maximum when the slopes are at 20°, and southern have more than
northern, though the difference is not great, heat and moisture counter-
acting each other. In drought northern slopes have most CO,. With equal
quantities of organic matter there is more CO, the more granular the soil,
and such soil prevents the passage of CO, downwards as well as upwards.
The air in ground shaded by living plants has considerably less CO, than
that in bare ground, and in the latter it has less (in dry years, not in wet) than
in ground covered by dead parts of plants. R. H. Firth at Mian Mir? made
observations (1885) according with those of previous inquirers, but considers
that a minimum diurnal variation in soil temperature, together with an actual

. maximum and increased moisture, are the real factors in increasing CO,.
(  The amount of asr tn soils can be roughly estimated, in the case of rather
. loose rocks, by seeing how much water a given bulk will absorb, which can

1 Nature, Jan. 6, 1887,8&. 230 (from Naturforscher).
24, , p. 852.

M. D. Reports, 1
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be done by the following plan :—Weigh a piece of dry rock, and call its
weight W : then weigh it in water and call this weight W, : then take it
out of the water saturated with moisture, and weigh it again: call this
weight W, We then have —

—(E"vi“}wo = percentage of air.
-

Ezxample.—A piece of dry rock weighs 100 grammes (W): when weighed *

in water it weighs 60 (W,); weighed out of water, but saturated, it
weighs 110 (W,): then 10120~ 192 0:25, and this multiplied by 100
gives 25 per cent. of porosity.

When the soil is loose, Pettenkofer adopts the following plan :—Dry the
loose soil at 212° Fahr. (100° Cent.), and powder it, but without crushing
it very much ; put it into a burette, and tap it so as to expel the air from
the interstices as far as possible ; connect another burette by means of an
elastic tube with the bottom of the first burette and clamp it on close to
the end of the latter ; pour water into No. 2 burette, and then, by pressing
the clamp, allow the water to rise through the soil until a thin layer of
water is seen above it ; then read off the amount of water used out of the
second burette. The calculation—

Amount of water used x 100 £ ai
Cubic centimetres of dry_soﬂ-percentage otair.

Example.—30 c.c. of soil were put in the burette : it took 10 c.c. of

water to reach to the top: then 10—;01—00= 333 per cent. of porosity.

Renk’s plan is very simple. Take a measured quantity of soil, say 50
c.c., shaken well together, so as to represent its natural condition as much
as possible, and put it into a 200 c.c. graduated glass measure: then pour
in 100 c.c. of water, and shake well so as to expel all air. Allow it to
stand a little, and read off the point at which the water stands. Suppose
it stands at 125 c.c.,, then the 50 c.c. of soil and the 100 c.c. of water,
when shaken together, only occupy a space of 125 c.c., the difference,
25 c.c., representing the bulk of air displaced from the 50 c.c. of soil:

therefore 275) % 100 =150 per cent. of air or porosity in the sample of soil.

The subterranean atmosphere thus existing in many loose soils and rocks
is in continual movement, especially when the soils are dry; the chief
causes of movement are the diurnal changes of heat in the soil, and the fall
of rain, which must rapidly displace the air from the superficial layers, and,
at a later date, by raising the level of the ground water, will slowly throw
out large quantities of air from the soil. Fodor considers the temperature
of the air, the ground temperature, the action of the winds, rainfall, barometric
pressure, and level of ground water to be all influential in causing movement
of the ground air, and consequent relative change in its constituents.

Local conditions must also influence the movement; a house artificially
warmed must be continually fed with air from the ground below, and doubt-
less this air may be drawn from great depths. Coal gas escaping from pipes,
and prevented from exuding by frozen earth on the surface, has been known
to pass sideways for some distance into houses.! The air of cesspools and of
porous or broken drains will thus pass into houses, and the examination of
drains alone often fails to detect the cause of effluvia in the house.

1 Lancet, 1878, vol. ii. p. 592.

N
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4 SOILS.

The unhealthiness of houses built on *“made soils,” for some time after the
soils are laid down, is no doubt to be attributed to the constant ascent of
impure air from the impure soil into the warm houses above.

To hinder the ascent of air from below into a house is therefore a sanitary
point of importance, and should be accomplished by paving and concreting,
or asphalting the basement, or, in some cases, by raising the house on arches
off the ground. The improvement of the health of towns, after they are
well paved, may be partly owing to lessening of effluvia, though partly also
to the greater ease of removing surface impurities. In some malarious
districts great benefit has been obtained by covering the ground with grass,
and thus hindering the ascent of the miasm.

As a rule, it is considered that loose porous soils are healthy, because
they are dry, and, with the qualification that the soil shall not furnish
noxious effluvia from animal or vegetable impregnation, the rule appears to
be correct. It is, however, undoubted that dry and apparently tolerably
pure soils are sometimes malarious, and this arises either from the soils
being really impure, or from their porosity allowing the transference of air
from considerable distances. Kven on the purest soils it is desirable to
observe the rule of cutting off the subsoil air from ascent into houses.

The diseases which have been attributed to telluric effluvia are—

Paroxysmal fevers. Cholera.
Enteric fever. Dysentery.
Yellow fever. Diphtheria

Epidemic diarrhcea. |
The questions connected with these effluvia will be noticed farther on.

SuB-SecTioN II.—THE WATER IN THE SOIL.

The water present in soils is divided into moisture and ground water.
When air as well as water is present in the interstices the soil is merely
moist. The ground water must be defined, with Pettenkofer, as that
condition in which all the interstices are filled with water, so that, except
in so far as its particles are separated by solid portions of soil, there is a
continuity of water. Other definitions of ground water have been given,
but it is in this sense it is spoken of here.

Moisture of Soil.—The amount of moisture depends on the power of
the soil to absorb and retain water, and on the supply of water to the soil
either from rain or ground water. With respect to the first point, almost
all soils will take up water. Pfaff! has shown that dried quartz sand in a
filter can take up as much as 20 per cent. of water, and, though in the
natural condition in the soil the ahsorption would not be so great, there
is no doubt that even the hardest sands retain much moisture. After
several months of long-continued drought, Mr Church found a light
calcareous clay loam subsoil to contain from 19 to 28 per cent. of water.

A loose sand may hold 2 gallons of water in a cubic foot, and ordinary
sandstone may hold 1 gallon. Chalk takes 13 to 17 per cent.; clay, if
not very dense, 20 ; humus, as much as 40 to 60, and retains it strongly.
The so-called * cotton-soil” of Central India, which is derived from trap
rock, absorbs and retains water with great tenacity ; the driest granite and
marbles will contain from ‘4 to 4 per cent. of water, or from 5 to 50 pints
in each cubic yard.

1 Zeitsch. fur Biologie, Band iv. p. 249.
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different places; in some cases its movement is only a few inches either
way, but in most cases the limits between its highest and lowest levels in
the year are several feet (in Munich about 10). In India the changes are
greater. At Saugor, in Central India, the extremes of the soil water are
from a few inches from surface (in the rains) to 17 feet in May. At
Jubbulpore it is from 2 feet from the surface to 12 or 15. At Calcutta,
Lewis and Cunningham found the water level to vary between 5 and 15
feet below the surface.!

The causes of change in the level of the ground water are the rainfall,
pressure of water from rivers or the sea, and alterations in outfall, either
increased obstruction or the reverse. The effect of the rainfall is sometimes
only traceable weeks or even months after the fall, and occasionally, as in
plains at the foot of hills, the level of the ground water may be raised by
rainfalls occurring at great distances. The pressure of the water in the
Rhine has been shown to affect the water in a well 1670 feet away. The
pressure of the Danube at Buda-Pesth is found to influence a well at a
distance of 2700 feet (Fodor).

In a place near the Hamble River (Hampshlre) the tide was found to
affect the water of a well at a distance of 2240 feet, the well itself being
83 feet deep and 140 feet above mean water-level.?

Measurement of the Ground Water.—The height at which water stands
in wells is considered to give the best indication of the height of the ground
water. Professor Pettenkofer uses a rod on which are fixed a number of
little cups, and, when let down into the well and drawn up again, the
uppermost cup which contains water marks, of course, the height of the
water ; the length of the cord or rod used for letting down the cups being
known, the changing level of the well can be estimated to within half an
inch. Some precautions are necessary in making these observations: if a
rope is used it may stretch with use, or in a hot dry wind, or contract in
wet weather, and thereby make the observation incorrect; local conditions
of wells, proximity to rivers, &c., must be learnt, else what may be termed
local alterations in a well may be wrongly supposed to mean changes in
the general level of the ground water. 1t is necessary, therefore, to make
the observations simultaneously in many wells and over a considerable
district. The observations should be made not less often than once a fort-
night, and oftener if possible, and be carried on for a considerable time
before any conclusions are drawn.

Pettenkofer also uses a large float which is suspended by a chain travel-
ling over a pulley: this supports an indicator at its other end, which marks
the height on a fixed scale.

/ Method of rendering Soil Drier.—There are two plans of doing this,—

deep drainage and opening the outflow. The laying down of sewers often
carries off water by leaving spaces along the course of the sewers, but this is
a bad plan ; it is much better to have special drains for ground water laid
by the side of or under the sewers. Deep soil drainage (the drains being
from 8 to 12 feet deep and 10 to 20 feet apart) is useful in all soils except
the most impermeable, and in the tropics should be carried out even on

i«, what are apparently dry sandy plains.

) In some cases soil may be rendered drier by opening the outflow. This
is an engineering problem which medical officers can only suggest. The
clearing of water-courses, removal of obstructions, and formation of fresh

10 229,
Lfct ures sn State Medicine, by F. de Chaumont (Smith and Elder), p. 91, 1875.
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channels are measures which may have an effect over very large areas which
could not be reached by ordinary drainage.

Diseases connected with Movsture and Ground Water.

Dampness of soil may presumably affect health in two ways—1st, by the
effect of the water, per se, causing a cold soil, & misty air, and a tendency in
persons living on such a soil to catarrhs and rheumatism ; and 2nd, by aiding
the evolution of organic emanations. The decomposition which goes on in
a soil is owing to four facfors, viz., presence of decomposable organic matters
(animal or vegetable), heat, air, and moisture. These emanations are at
present known only by their effects; they may be mere chemical agencies,
but there is increasing reason to believe that they are caused by low forms
of life which grow and propagate in these conditions. At any rate, moisture
appears to be an essential element in their production. The ground water
is presumed to affect health by rendering the soil above it moist, either by
evaporation or capillary attraction, or by alternate wettings and dryings.

1. A moist soil is cold, and is generally believed to predispose to rkeuma-
tism, catarrk, and neuralgia. It is a matter of general experience that most
persons feel healthier on a dry soil.

2. In some way which is not clear, a moist soil produces an unfavourable
effect on the lungs: at least in a number of English towns which have
been sewered, and in which the ground has been rendered much drier,
Buchanan showed that there had been a diminution in the number of
deaths from phthisis to the extent of 32 per cent. at Leicester and 49 per
cent. at Salisbury.! Dr Bowditch of Boston (U.S.) and Dr Middleton
of Salisbury noticed the same fact many years ago. Buchanan’s evidence
is very strong as to the fact of the connection, but the nature of the link
between the two conditions of drying of soil and lessening of certain
pulmonary diseases is unknown. It is curious how counter the observation
runs to the old and erroneous view that in malarious (and therefore wet)
places there is less phthisis.

3. Paroxysmal Fevers.—A moist soil influences greatly the development
of the agent, whatever it may be, which causes the paroxysmal fevers. The
factors which must be present to produce this agent are heat of soil (which
must reach a certain point =isotherm of 65° Fahr. of summer air tempera-
ture), air, moisture, and some impurity of soil, which in all probability is of
vegetable nature. The rise and fall of the ground water, by supplying the
requisite degree of moisture, or, on the contrary, by making soil too moist or
too dry, evidently plays a large part in producing or controlling periodical
outbreaks of paroxysmal fevers in the so-called malarious countries. The
development of malaria may be connected either with rise or with fall of the
ground water. An impeded outflow which raises the level of the ground
water has, in malarious soils, been productive of immense spread of paroxys-
mal fevers. In the making of the Ganges and Jumna Canals the outflow of
a large tract of country was impeded, and the course and extent of the
obstruction was traced by Dempster and Taylor by the almost universal pre-
valence of paroxysmal fevers and enlarged spleens in the inhabitants along

1 Buchanan, Ninth and Tenth Reports of the Medical O to the Privy Council, 1866

48, and 1867, p. 57. As the term * phthisis ” is & general one, and includes all the fatal
&wue- of the lungs, with destruction of lung-tissue ft:berculoul and inflammatory), as well
as other cases of wasting, with pulmonary symptoms, it would be well to translate the word
¢ phthisis ” by the phrase  wasting diseases of the lungs.”
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GROUND WATER AND ENTERIC FEVER. 11

the causes of diarrhcea in that town, concludes that soil has a marked
influence in the production of this disease, which occurred chiefly in a
‘““diarrhcea area,” that is, a tract of low-lying alluvial soil, which, on examina-
tion he found to contain a much larger (from 3 to 6 times) amount of bacterial
spores; and that a soil temperature of 60° at 1 foot depth, and 56° or 57°
at 4 feet was necessary to produce an excessive prevalence.!

Dr Ballard, after an extensive inquiry, has come to the conclusion that
the soil temperature at a depth of 4 feet is a most important factor: the
summer rise of diarrhcea mortality does not commence until this temperature
reaches about 56°: the maximum mortality coincides with the maximum
temperature at this depth, and the decline of mortality coincides with the
decline of temperature. Rainfall acts by preventing the rise, and hastening
the fall of soil temperature. Loose permeable soils are most diarrhceal.
Organic impurity of soil is of importance. A certain amount of dampness
favours prevalence, but not so much as to preclude free admission and exit
of air.2

7. Dysentery, on the other hand, although showing analogy with malarial
diseases in many points, and, therefore, naturally supposed to be associated
with telluric influences, has not by experience been found to have any such
connection, neither the geological formation nor the physical character of
the soil influencing its spread.3

8. Diphtheria.—Hirsch* states that the assumption, that conditions of the
soil have some influence on development of diphtheria or its epidemic
diffusion is one that has no warrant ; and that it is as prevalent in low-lying
places as in those that are elevated, on plains as in valleys, on dry and on
wet soils, on porous and on hard rock, equally. In England, however, soil
has been considered to have some connection with its occurrence and spread.
Dr Edgar Barnes® assigns damp and polluted air as a factor, and believes it
to be more prevalent on clay soils than on gravel. Dr Spottiswoode
Cameron is of opinion that polluted ground air is an important factor in its
causation. Dr Kelly found the mortality to be higher on retentive than on
porous soils. Further investigations appear to be needed on this question.

9. Measles, Whooping Cough, Pneumonia, &c.—Blaxall shows that these
diseases were more fatal at New Swindon on damp sub-soil (Kimmeridge
clay), than at Old Swindon (on limestone) 100 feet higher. On the other
hand, Hirsch® considers whooping cough to be independent of the character
of the soil, and is not inclined to admit this as a factor in the causation of
pneumonia.

Fodor7 states that at Buda-Pesth cholera and intermittent fever appear to
be connected with the processes which go on in the upper layer of the soil,
and cholera mortality rises and falls inversely with the ground water-level,
according to Pettenkofer’s view. Enteric fever, on the other hand, appears
to be connected with the processes which go on in the lowest stratum of the
soil, its mortality varying directly with the ground water-level. The lowest-
lymg parts of the city have the most impure soil, and are specially subject
to cholera and enteric fever ; whilst measles, scarlet fever, croup, and diph-
theria appear to invade all parts of the city indifferently.

1 B.M.J., 1889, vol. ii. p. 180. 2 Local Gor. Board Report, 1888.

; Hm;ch33 g)ggmphwal and Historical Pathology, translated by C. Crelghton, M.D., 1886,
vol. iii. p.

4 Op. cit., p. 104. 5BMJ 1888, vol. ii.

¢ Op. cit., p. 146. 7 Op. cit
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SuB-SkcTION 111.—GENERAL FEATURES OF THE SOIL.

There are certain general features which can be conveniently considered
first.

1. Conformation and Elevation.—The relative amounts of hill and plain ;
the elevation of the hills; their direction; the angle of slope; the kind,
size, and depth of valleys; the chief watersheds, and the direction and dis-
charge of the watercourses; the amount of fall of plains, are the chief
points to be considered.

Among the hills the unhealthy spots are enclosed valleys, punch-bowls,
any spot where the air must stagnate; ravines, or places at the head or
entrance of ravines.

In the tropics especially ravines and nullahs are to be avoided, as they
are often filled with decaying vegetation, and currents of air frequently
traverse them. During the heat of the day the current of air is up the
ravine, at night down it. As the hills cool more rapidly than the surround-
ing plains, the latter current is especially dangerous, as the air is at once
impure and cold. The worst ravine is a long narrow valley, contracted at
its outlet, so as to dam up the water behind it. A saddleback is usually
healthy, if not too much exposed ; so are positions near the top of a slope.
One of the most difficult points to determine in hilly regions is the probable
direction of winds; they are often deflected from their course, or the rapid
cooling of the hills at night produces alteration.

On plains the most dangerous points are generally at the foot of hills,
especially in the tropics, where the water, stored up in the hills and flowing
to the plain, causes an exuberant vegetation at the border of the hills.

A plain at the foot of hills may be lealthy, if a deep ravine cuts off com-
pletely the drainage of the hill behind it.

The next most dangerous spots are depressions below the level of the
plain, and into which therefore there is drainage. Even gravelly soils may
be damp from this cause, the water rising rapidly through the loose soil
from the pressure of higher levels.

Elevation acts chiefly by its effect in lessening the pressure of the air,
and in increasing the rapidity of evaporation. It has a powerful effect on
marshes, high elevations lessening the amount of malaria, partly from the
rapid evaporation, partly from the greater production of cold at night. Yet
malarious marshes may occur at great elevations, even 6000 feet (Erzeroum
and Mexico). Dr Farr considered that elevation had a considerable influence
on the occurrence of cholera ; the greater the elevation, the less the mortality.
Acland made similar observations during the prevalence of epidemics at
Oxford. Dr H. Airy considers that diphtheria shows a preference for
elevated exposed situations.!

2. Vegetation.—The effect of vegetation on ground is very important. In
cold climates the sun’s rays are obstructed, and evaporation from the ground
is glow ; the ground is therefore cold and moist, and the removal of wood
renders the climate milder and drier. The extent to which trees impede
the passage of water through the soil is considerable.

In hot countries vegetation shades the ground and makes it cooler. The
evaporation from the surface is lessened ; but the evaporation from the
vegetation is so great as to produce a perceptible lowering effect on the
temperature of a place. Pettenkofer calculated that from an oak tree the

1 International Medical Congress, 1881.
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evaporation equalled 212 inches, while the rainfall was only 256 inches;
this shows how much water was abstracted from the soil, and how the air
must have been moistened and cooled. Observations in Algeria (Gimbert)
have shown that Eucalyptus globulus absorbs and evaporates 11 times the
rainfall ; extremely malarious places being rendered healthy in this way in
four or five years.

The hottest and driest places in the tropics are those divested of trees.!

Vegetation produces also a great effect on the movement of air. Its
velocity is checked ; and sometimes in thick clusters of trees or underwood
the air is almost stagnant. If moist and decaying vegetation be a coincident
condition of such stagnation, the most fatal forms of malarious disease are
produced. It may thus do harm by obstructing the movement of air; on
the other hand, it may guard from the currents of impure air. The pro-
tective influence of a belt of trees against malaria is most striking.

In a hygienic point of view, vegetation must be divided into herbage,
brushwood, and trees; and these should be severally commented on in
reports.

Herbage is always healthy. In the tropics it cools the ground, both by
obstructing the sun’s rays and by aiding evaporation; and nothing is more
desirable than to cover, if it be possible, the hot sandy plains of the tropics
with close-cut .

Brushwood is frequently bad, and should often be removed. There is,
however, evidence that the removal of brushwood from a marsh has
increased the evolution of malaria, and that, like trees, brushwood may
gsometimes offer obstruction to the passage of malaria. It must also be
remembered that its removal will sometimes, on account of the disturbance
of the ground, increase malarious disease for the time; and therefore, in
the case of a temporary camp in a hot malarious country, it is often
desirable to avoid disturbing it. "When removed, the work should be
carried on in the heat of the day, t.e., not in the early morning or in the
evening.

Mr W. North instances the case of Cisterna, where the removal of
macchia (i.e., brushwood, &c.), though long objected to on account of
supposed protection from malarial currents, was the means of improving the
healthiness of the district.2

Trees should be removed with judgment. In cold countries they shelter
from cold winds; in hot they cool the ground; in both they may protect
from malarious currents. A decided and pernicious interference with the
movement of air should be almost the only reason for removing them. In
some of the hottest countries of the world, as in Southern Burmah, the in-
habitants place their houses under the trees with the best effects; and it
was a rule with the Romans to encamp their men under trees in all hot
countries.

The kind of vegetation, except as being indicative of a damp or dry soil,
does not appear to be of importance.

3. Absorption of Heat.—The heat of the sun is absorbed in different
amounts by different soils equally shielded or unshielded by vegetation. The
colour of the soil and its aggregation seem chiefly to determine it. The
dark, loose, incoherent sands are the hottest; even in temperate climates

11t has been proposed (by Mr Milne Home) to plant trees in Malta, with the view of
im&roving and regulating the water-supply.
r Robert L. Stevenson has considered the thermal influence of forests, in a paper in the
Proceedings of the Royal Society of Edinburgh (19th May 1873).
2 B.M.J., April and May, 1887.
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Arago found the temperature of sand on the surface to be 122° Fahr., and
at the Cape of Good Hope Herschel observed it to be no less than 159°.!
The heating power of the sun’s rays is indeed excessive. In India the
thermometer placed on the ground and exposed to the sun will mark 160°
(Buist), while 2 feet from the ground it will only mark 120°. Buist thinks
that if protected from currents of air it would mark 212° when placed on
the ground. The absorbing and radiating powers of soil are not necessarily
equal, though they may be so. Generally the radiating power is more rapid
than the absorbing ; soils cool more rapidly than they heat. Some of the
marshes in Mexico cool so rapidly at night that the evolution of malaria is
stopped, and the marsh is not dangerous during the night. A thermometer
marked 32° Fahr. on the ground, while 16 feet above the ground it marked
58° Fahr. (Jourdanet).

In Calcutta, Lewis and Cunningham 2 found that the temperature of the
soil varied with the season. In hot weather the thermometer stood highest
in the air, next highest in the upper stratum of the soil, and lowest in the
lower stratum. In cold weather the conditions were exactly reversed, the
air being coolest and the lowest stratum of soil the hottest. During rain,
however, these relations were not constant.

‘With regard to absorbing power, the following table by Schiibler contains
the only good experiments at present known :—

Power of retaining Heat, 100 being assumed as the standard.

Sand with some lime, . . 1000 1 Clayey earth, 884

Pure sand, . . . . 956 | Pure clay, . . . . . 66°7

Light clay, . . . . 769 | Fine chalk, . . . . 618

(l}{ypsum, . . . . . 72'2 | Humus, . . 490
eavy clay, . . . . 7111,

The great absorbing power of the sands is thus evident, and the compara-
tive coldness of the clays and humus. Herbage lessens greatly the absorbing
power of the soil, and radiation is more rapid. On the Orinoco a naked
granite rock has been known to have a temperature of 118° Fahr., while an
adjacent rock covered with grass had a temperature 32° lower.

In cold countries, therefore, the clayey soils are cold, and as they are also
damp, they favour the production of rheumatism and catarrhs; the sands
are, therefore, the healthiest soils in this respect. In hot countries the
sands are objectionable from their heat, unless they can be covered with
grass. They sometimes radiate heat slowly, and therefore the air is hot
over them day and night.

The sun’s rays cause two currents of heat in soil: one wave diurnal, the
heat passing down in temperate climates to about 4 feet in depth during
the day, and receding during the night—the depth, however, varying with
the nature of the soil and with the season; the other wave is annual, and
in temperate climates the wave of summer heat reaches from 50 to 100 feet.
The line of uniform yearly temperature is from 57 to 99 feet below the
surface (Forbes).

Not only does the amount of radiation differ in different soils, but a
change is produced in the heat by the kind of soil. The remarkable re-
searches of Tyndall3 have shown that the heat radiated from granite passes
through aqueous vapour much more readily than the heat radiated by water
(though the passage is much more obstructed than in dry air). In other
words, the luminous heat rays of the sun pass freely through aqueous vapours

1 Meteorology, p. 4. 2 Op. cit. 3 Chemical News, March 5, 1864, page 114.
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and fall on water and granite ; but the absorption produces a change in the
heat, so that it issues again from water and granite changed in quality; it
will be most important for physicians if other soils are found to produce
analogous changes.

With regard to the effect of temperature of the soil on disease, it can
hardly be doubted that it powerfully influences malaria, and probably also
aids the progress of cholera. Lewis and Cunningham found that the maximum
cholera prevalence in April at Calcutta, and the minor elevation of prevalence
in November, both occurred when the soil temperature at a depth of 6 feet
was between 78° and 79°.! R. H. Firth says that the period of minimum
variation of soil temperature at 3 feet (* the greatest equal soil temperature ”),
corresponds with the maximum prevalence of malaria.2 Epidemic diarrhcea
has also been considered to depend largely on soil temperature (see page 10)
(Tomkins, Ballard).

4. Reflection of Light.—This is a matter of colour; the white glaring soils
reflect light, and such soils are generally also hot, as the rays of heat are
also reflected. The effect of glare on the eyes is obvious, and in the tropics
this becomes a very important point. If a spot bare of vegetation, and with
a white surface, must be used for habitations, some good result might be
obtained by colouring the houses pale blue or green.

Sus-SecTioN IV.—SoLip CONSTITUENTS OF THE SOIL.

(@) Vegetable Matters.—Almost all soils contain vegetable matter. It
exists in three chief forms-—deposits, vegetable débris, and incrustations.
Deposits occur in tracts of land which have been covered by silt brought
down by floods, or which have been submerged by subsidence ; forests have
been thus buried, and again elevated. In the marshes of the Tuscan
Maremma, and in many other cases, the vegetable forms can be traced with-
out difficulty to a considerable depth, and the structure is even sometimes
little changed, although so vast a period of time has elapsed. Vegetable
débris produced by the decay of plants lies on, or is washed into, the soil,
and in this way the ground may be penetrated to great depths. In some
cases, especially in sandy plains at the foot of hills, the rain brings down very
finely divided débris, and is filtered as it passes through the soil, so that
each particle of sand becomes coated over or incrusted with a film of vege-
table matter. If such a plain be subjected to alternate wettings and dryings,
and to heat, the conditions of development of malaria may be present in
great intensity ; although there is not only no marsh, but the sand is to all
appearance dry and pure.

(b) Animal Matters.—The remains of animals are found in all but the oldest
rocks ; generally the animal constituents have disappeared, but it is re-
markable how in some cases, even in geological formations as old as the
Tertiary strata, some animal matter may be found. On the surface there is
perhaps no soil which does not contain some animal matters derived from
dead animals or excreta, although, except in special cases, the amount, is
small. The soil of countries which have been long settled is, however, often
highly impure in the neighbourhood of habitations from the refuse (animal
and vegetable) which is thrown out. In some loose soils cess-pits used for
fifty years have never been emptied, and are still not full, owing to soakage.’
Pettenkofer conjectures that in Munich 90 per cent. of the excretions pass

lOpc

. cit., p. 232. 24 M. D. RTm, 1885,
3 Gottisheim in Basel (Das unterirdische Basel, 1868).
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into the ground. In clayey soil there is, of course, much less infiltration
than in sandy, and often scarcely any. In India the nitrification of vast
tracts of land is for the most part owing to the oxidation of animal refuse.

A means of purification from animal impregnation has been, however,
provided by oxidation and the influence of growing vegetation. In all soils,
except the hottest and driest, animal refuse, under the influence of minute
fermenting organisms, passes into ammonia, nitrites, nitrates, and fatty
hydrocarbons rather rapidly, and these are eagerly absorbed by vegetation.
A means is therefore pointed out which may keep the soil clear from
dangerous animal impregnations, and this is no doubt one reason why
improvement in public health follows improved cultivation. It has become
quite clear that in the plans for the disposal of the human and animal
excreta of towns, whether by wet or dry methods, an essential part of the
plan is to submit these excreta to the influence of growing plants as soon
as possible.

(c¢) Mineral Matters.—An immense number of mineral substances are
scattered through the crust of the earth, but some few are in great pre-
ponderance, viz., compounds of silicium, aluminum, calcium, iron, carbon,
chlorine, phosphorus, potassium, and sodium, combined chiefly with oxygen.

Influence of Geological Conditions.—In examining the constituents of the
soil round any dwellings, the immediate local conditions are of more im-
portance than the extended geological generalisations ; it is, so to speak, the
house and not the regional geology which is of use. Still the general geolo-
gical conditions, as influencing conformation and the movement of water and
air through and over the country, are of great importance. The healthiness
of soil depends chiefly on these four factors:—(1) considerable slope, so
that water runs off regularly, and the air is dry; (2) vegetation not exces-
sive ; (3) absence of organic emanations ; (4) purity of water supply.

Soils in order of Healthiness.

Slo Permeability | Emanations Substances into
pe. to water. into air. water.
Primitive and meta- | Great usually. Slight. None. Few.

morphic rocks (when
unweathered) .........

Clay slate................ Do. Do. Do. Do.

Millstone grit. Hard | Moderate. Do. Do. Do.
oolite formations.....

Gravels and loose sands, Slight. Great. Slight. Variable.
without  imperme- I
able subsoils...........

Chalk (not marly)...... Moderate. Do. Do. Lime salts; a little

magnesia.

Sandstones (old and Do. Variable, but Do. Variable, often great;
DEW)....oiiiinuennnnnnnns usually con- alkaline and earthy

siderable. <alts; organic matter

Limestones (old and | Considerable. | Moderate. Do. Rather considerable ;
DNEeW)....coovvnierinnnnnns lime salts.

Magnesian limestone, | Moderate. Do. Do. Considerable; lime;
dolomite, &c. ......... magnesia.

8ands with imperme- Slight. Arrested by | Considerable. | Variable, often great ;
able subsoils........... subsoil. ‘lx.lkaline salts ; some

ime.

Clays, marls, mixture Do. Slight. Do. Often great ; alkaline
of sand and clay, and earthy salts;
most alluvial soils... organic matter.

Marshes (when not Do. Do. Do. Great ; salts ; organic
peaty)....ccoeieniieennn. matter.
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1. The Granitic, Metamorphic, and Trap Rocks.—Sites on these forma-
tions are usually healthy ; the slope is great, water runs off readily ; the air
is comparatively dry; vegetation is not excessive; marshes and malaria
are comparatively infrequent, and few impurities pass into the drinking
water.

When these rocks have been weathered and disintegrated, they are
supposed to be unhealthy. Such soil is absorbent of water; and the
disintegrated granite of Hong-Kong is said to be rapidly permeated by a
JSungus ;1 but evidence as to the effect of disintegrated granite or trap is
really wanting.

In Brazil 2 the syenite becomes coated with a dark substance, and looks
like plumbago, and the Indians believe this gives rise to ¢ calentura,” or
fever. The dark granitoid or metamorphic trap or hornblendic rocks in
Mysore are also said to cause periodic fevers ; and iron hornblende especially
was affirmed by Dr Heyne of Madras to be dangerous in this respect. But
the observations of Richter® on similar rocks in Saxony, and the fact that
stations on the lower spurs of the Himalayas on such rocks are quite
healthy, negative Heyne’s opinion.

2. The Clay Slate—These rocks precisely resemble the granite and
granitoid formations in their effect on health. They have usually much
slope ; are very impermeable ; vegetation is scanty; and nothing is added
to air or to drinking water.

They are consequently healthy. Water, however, is often scarce; and,
as in the granite districts, there are swollen brooks during rain, and dry
water-courses at other times, swelling rapidly after rains.

3. The Sandstones.—The permeable sandstones are very healthy; both
soil and air are dry; the drinking water is, however, sometimes impure,
and may contain large quantities of chlorides, especially in the New Red
Sandstone when rock salt abounds. If the sand be mixed with much clay,
or if clay underlies a shallow sand-rock, the site is sometimes damp.

4. Carboniferous Formations.—The hard millstone grit formations are
very healthy, and their conditions resemble those of granite. The drinking
water is generally pure and fairly soft.

5. The Limestone and Magnesian Limestone Rocks.—These so far resemble
the former that there is a good deal of slope and rapid passing off of water.
Marshes, however, are more common, and may exist at great heights. In
that case the marsh is probably fed with water from some of the large
cavities, which, in the course of ages, become hollowed out in the limestone
rocks by the carbonic acid of the rain, and form reservoirs of water.

The drinking water is hard, sparkling, and clear. Of the various kinds
of limestone, the hard oolite is the best, and magnesian is the worst; and
it is desirable not to put stations on magnesian limestone if it can be
avoided.

6. The Chalk.—The chalk, when unmixed with clay and permeable, forms
a very healthy soil. The air is pure, and the water, though charged with
calcium carbonate, is clear, sparkling, and pleasant. Goitre is not nearly
80 common, nor apparently calculus, as in the limestone districts.

If the chalk be marly, it becomes impermeable, and is then often damp
and cold. The lower parts of the chalk, which are underlaid by gault clay,
and which also receive the drainage of the parts above, are often very

1 Ost. Asiens, von C. Friedel, 1863, and A. M. D. Report, 1863.
2 M‘Williams on Yellow Fever in Brazil, p. 7.
3 Schinidt's Jahrbiicher, 1864, No. 5, p. 240.
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of garden soil be added, in a few days nitrites and nitrates will be detected.
This action is entirely arrested by the introduction into the soil of vapour
of chloroform, which paralyses all fermentative organisms. Hoppe-Seyler,
Fleck, and other observers consider the process to be a purely chemical one,
not needing the presence of any living agent; but the fermentative theory,
promulgated by Schleesing and Muntz and Warington, has the sanction of
Wollny, Fodor, Soyka, and others. The nitrifying power of different soils
varies very considerably, depending partly on the nature of the soil itself,
partly on the amount of ferment present (this in turn depending both on
the number and nature of the micro-organisms), and being affected also by
conditions of temperature and moisture. It appears to be of the first neces-
sity that the soil should be alkaline, the carbonates of potash and lime being
the most usual constituents, and after these, lime and magnesia ; a quartz
sand without lime is unfavourable to nitrification. The most favourable
temperature is 37° C. (98°-5 F.) The soil must be moist, and must also be
penetrated by air; the successful purification of sewage by the method of
intermittent downward filtration, as -compared with filtration from below
upwards, depends upon this ; by the latter method the access of air is pre-
vented and nitrification retarded. Along with the oxidation of nitrogenous
organic matter into nitric acid proceeds the oxidation of organic carbon into
carbonic acid, the one action being in fact the complement of the other.

SuB-SectioN VI.—MaLaARIOUS SoILs.

Doubts have been expressed whether those paroxysmal fevers, which are
curable by quinine, are produced either by telluric efluvia, or by substances
passing from the soil into the drinking water.! The evidence, however,
appears conclusive in favour of both these modes of entrance into the
body.
As regards the chemical constituents of the soil, it seems pretty clear that
the mineral matters are of little or no consequence. Malaria will prevail on
chalk, limestone, sand, and even, under special conditions, on granite soils.
In all likelihood the agent will prove to be an organism, although up
to the present time no decisive evidence has been obtained that would
satisfactorily discriminate the organism.?

W. North3 points out that the Roman Campagna, so notorious for the
extreme prevalence of malaria, is by no means a plain in the ordinary
acceptation of the word, but is broken up into valleys, into which run
streams liable to frequent flooding (and depositing large quantities of silt) ;
and that underlying the surface soil there is frequently an almost im-
pervious layer of tufa, full of saucer-like depressions, which hold water
and render the soil with which they are filled and hidden, wet and boggy.

He attributes to the local climatic conditions, produced by these local
peculiarities of configuration of the soil, the prevalence of malaria, which is
in 8o many cases limited to a sharply circumscribed area.

The following soils have been known to cause the evolution of the agent
causing periodical fevers in the malarious zone :—

1 On these questions see North, ¢ Lectures on Malarial Fevers,” Brit. Med. Jour., April
23, 30, and May 7, 1887.

4 According to R. H. Firth, subsoil water has little to do with the [pmsence of malaria (at
Mian Mir), which depeuds on the maximum air tem‘Yemture, infall, CO, in soil, and
humidity of atmosphere, together with minimum daily variation in soil gempenture.—
A.M.D. Report, 1885.

3 ¢ Lectures on Malarial Fevers,” by W. North, B.M.J., 1887.
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and torrents; there is always a subterranean stream, and the soil is
impregnated with vegetable matter. In other cases the sands may be only
malarious during rains, when the upper stratum is moist.

5. Certain hard rocks (granitic and metamorphic), especially when
weathered, have the reputation of being malarious ; more evidence is re-
quired on this point. As Friedel justly remarks of Hong-Kong, it is not
the disintegrated granite, per se, which causes the fever, but the soil of the
woods and dells, and the clefts in the rocks, which is derived from the
granite, and soon filled with a cryptogamic vegetation.

The magnesian limestone rocks which have been subjected to volcanic
action have also been supposed to be especially malarious (Kirk, who
instances the rocks at Sukkar), but the evidence has not been yet corro-
borated.

6. Iron Soils.—Sir Ranald Martin has directed attention to the fact that
many reputed malarious soils contain a large proportion of iron. No good
evidence has been adduced that this is connected with malaria, but the
point requires further examination. The red soil from Sierra Leone, which
contains more than 30 per cent. of oxides of iron, shows nothing which ap-
pears likely to cause malaria.! The peroxide of iron is a strong oxidising
agent, readily yielding oxygen to any oxidisable substance, and regaining
oxygen from the air. It may, therefore, assist in the oxidation of vege-
table matter in an iron soil.?

7. In certain cases attacks of paroxysmal fever have arisen from quite
localised conditions unconnected with soil, which seem, however, to give
some clue to the nature of the process which may go on in malarious
ground.

Friedel 3 mentions that in the Marine Hospital at Swinemiinde, near
Stettin, a large day-ward was used for convalescents. As soon as any man
had been in this ward for two or three days, he got a bad attack of tertian
ague. In no other ward did this occur, and the origin of the fever was a
mystery, until, on close inspection, a large rain cask full of rotten leaves
and brushwood was found; this had overflowed, and formed a stagnant
marsh of 4 to 6 square feet close to the doors and windows of the room,
which on account of the hot weather were kept open at night. The nature
of the effluvium was not determined.

SECTION II.
SuB-SECTION I.—EXAMINATION OF SOIL.

Mechanical Condition of Soil.—The degree of density, friability, and pene-
tration by water should be determined both in the surface and subsoil.
Deep holes, 6 to 12 feet, should be dug, and water poured on portions of the
soil. Holes should be dug after rain, and the depth to which the rain has .,, -
penetrated observed. In this way the amount of dryness, the water-level, oS
and the permeability can be easily ascertained. -

1 An:llysis of the Red Earth of Sierra Leone, by Assistant-Surgeon J. A. B. Horton, M.D.,
Arm,%l edical Reports, vol. viii. (P 333.

2 The surface soil of the Gold Coast (Connor’s Hill, Cape Coast Castle) has also been
analysed by Mr J. H. Warden, F.C.8. (Indian Medical Service). It contained only 8-28
per cent. oty ferric oxide and a trace of ferrous oxide ; the orgmio matter was only 4-4 per
cent. The surface soil is only eight inches thick, and below this is a stratum of a dark red
colour, like burnt bricks, pro bTy containing more iron.—Army Medical Reports, vol. xiv.

p. 264.
3 Ost. Asiens, Berlin, 1863, p. 338,
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A more complete examination should include the following points :—

1. Percentage of Water.—Take 10 grammes of a fair sample of soil, and
dry at a heat of 220° F. (104°'5 C.); weigh again ; the difference is water
or volatile substance.

2. Percentage of Volatile Matters (vncluding Water), destroyed by Incinera-
tion.—Take another weighed portion of soil, and incinerate at a full red
heat ; recarbonate with ammonium carbonate; heat to expel excess of
ammonia ; dry and weigh.

3. Absorption of Water.—Place the dried soil in a still atmosphere, on a
plate in a thin layer, and reweigh in twenty-four hours; the increase is the
absorbed water. An equal portion of pure sand should be treated in the
same way as a standard. It would be well to note the humidity of the air
at the time.

4. Power of holding Water.—Thoroughly wet 100 grammes, drain off water
as far as possible, and weigh ; the experiment is, however, not precise.

5. Substances taken up by Water.—This is important, as indicating whether
drinking water is likely to become contaminated. Rub thoroughly 10
grammes in pure cold water, filter, and test for organic matter by chloride
of gold, or by evaporation and careful incineration ; test also for chlorine,
sulphuric acid, lime, alumina, iron, nitric acid.

6. Substances taken up by Hydrochloric Acid.—While water takes up
alkaline chlorides and sulphates, nitrates, &c., the greater part of the lime,
magnesia, and alumina is left undissolved. The quantity can be best deter-
mined by solution in pure hydrochloric acid.

(a) To 40 grammes of the soil add 30 c.c. of pure hydrochloric acid, and
heat ; note effervescence. Add about 100 c.c. of water. Digest for twelve
hours. Dry and weigh the undissolved portion. "

(b) To the acid solution add ammonia. Alumina and oxide of iron are
thrown down. Dry and weigh precipitate.

(c) To the solution filtered from (b) add ammonium oxalate. Dry ; wash
and burn the calcium oxalate. Weigh as carbonate.

(d) To the solution filtered from (¢) add sodium phosphate. Collect ;

Magnesian Limestone.—Any limestone containing 20 per cent. of a salt of magnesia, fre-

quently not crystallised.
olomite.—Crystallised magnesian limestone.

Kunkar.—A term used in India to denote nodular masses of impure calcium carbonate.

Gypsum—Selenite.—Calcium sulphate.

Gravel. —hWater-wom and rounded fragments of any rock, chiefly quartz ; size, from a pea
to a hen's egg.

Sand.—Same, iﬁy particles less than a pea.

Sandstone.—Consolidated sand ; the particles held together often by lime, clay, and ferric
oxide. .

Freestone.—Any rock which can be cut readily by the builder ; usually applied to sandstone.

Millstone G'rit.—Hard gritty sandstone of the carboniferous series, used for millstones.
Grit is the term generally used when the particles are larger and sharper than in ordi-
nary sandstone.

Clay.— Aluminum silicate. . .

Greensand. —Lower portion of the chalk system in England ; sand coloured by chloritous
iron silicate.

Marl.—Lime and clay.

Laterite.—A term much used in India to denote a more or less clayey stratum which under-
lies much of the sand in Bengal, some parts of Burmah, Bombay presidency, &c.

Conglomerate.—Rocks composed of consolidated gravels (i.e., the fragments water-worn and
rounded).

Brocu’a.—Rgcks composed of angular (not water-worn) fragments (volcanic breccia, osseous
breccia, calcareous breccia). . . L

Shale.—A term applied to all clayey or sandy formations with lamination ; it is often con-
solidated and hardened mud.

f(," Pai]
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dry and weigh (100 parts of the precipitate =79 parts of magnesium car-
bonate) ; or determine as pyrophosphate.
The portion insoluble in hydrochloric acid consists of quartz, clay, and
silicates of aluminum, iron, calcium, and magnesium. If it is wished to
examine it further, it should be fused with three times its weight of sodium
carbonate, then heated with dilute hydrochloric acid. The residue is silica.
The solution may contain iron, lime, magnesia, and alumina. Test as above.
7. Iron.—Iron can be determined by the potassium dichromate, or by
the permanganate. As the latter solution is used for other purposes, it is
convenient to employ it in this case.
Dissolve 10 grammes of the soil in pure hydrochloric acid free from iron
by aid of heat.
Add a little pure zinc, and heat to convert ferric into ferrous salts. Pour
off the solution from the zinc that is still undissolved, and determine
iron by potassium permanganate ; t.e., heat to 140° F. (60° C.) and then drop
in the solution of permanganate till a permanent but slightly pink colour is
given. 1 c.c.=0'7 milligramme of pure iron.! Or the colour test may be
used, as explained under ALuM IN BRreap.
The Atr of the Soil may be examined for carbon dioxide and other con-
stituents, by inserting tubes at different depths in the soil and filling a jar of
known capacity by means of an aspirator. The examination of soil air can
then be made as described under EXAMINATION OF AIR.
Microscopic Examination.—Either samples of the soil itself may be
examined microscopically, and by admixture with gelatine or other nutrient
media, or a known quantity (10 or 20 grammes) may be well mixed with
2 100 or 200 c.c. of sterilised distilled water, then allowed to settle, and ‘5 c.c.

or 1 c.c. of the clear fluid drawn off with a sterilised pipette, and used for
) making plate cultivations, as subsequently described under the head of
| EXaMINATION OF W ATER.

SuB-SectioN I1.——METHOD OF EXAMINING A LOCALITY FOR
MiLiTARY PURPOSES.

A place should be seen at all times of the year, in the wet as well as in
the dry seasons, in the autumn and winter as well as in the spring, and at
night as well as by day. The following order will be found a convenient
one :—

1. Conformation.—Height above sea-level and elevation of hills above
the plain. (Determine by mercurial barometer or aneroid, or, if possible,
get the heights from an engineer.) Angle of declivity of hills ; amount of
hill and plain; number, course, and characters of valleys and ravines in
hills ; dip of strata ; geological formation ; watersheds and courses ; exposure
to winds ; direction, amount and character of winds; sunlight, amount and
duration ; rain, amount and frequency ; dust.

2. Composition.—Mineralogical characters. Presence of animal or vege-
table substances ; amount and characters.

3. Covering of soil by trees, brushwood, grass, &c.

4. Points for special Eramination.—Amount of air and of moisture in
soil. Height of subsoil water, at the wettest and driest seasons. Changes
in level, and rapidity of change of subsoil or ground water. Direction of
subsoil current. Condition of vegetable constituents; examination of sub-
stances taken up by water, &c.

1 See Aprendix A.
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Such a complete examination demands time and apparatus, but it is quite
necessary.

A fair opinion can then be formed ; but if a large permanent station is to
be erected, it is always desirable to recommend that a temporary station
should be put up for a year, and an intelligent officer should be selected to
observe the effect on health, to take meteorological observations, and to
examine the water at different times of the year. Sometimes a spot more
eligible than that originally chosen may be found within a short distance,
and the officer should be instructed to keep this point in view.

The medical officer has nothing to do with military considerations or ques-
tions of supply, but, if he is able to suggest anything for the information of
the authorities, he should of course do so.

The opinion of Lind, whose large experience probably surpassed that of
his contemporaries, and of our own time, should be remembered :— The
most healthy countries in the world contain spots of ground where strangers
are subject to sickness. There is hardly to be found any large extent of
continent, or even any island, that does not contain some places where
Europeans may enjoy an uninterrupted state of health during all seasons of
the year.”1 .

In choosing a site for a temporary camp, so elaborate an examination is
not possible. But as far as possible the same rules should be attended to.
There is, however, one difference—in a permanent station water can be
brought from some distance ; in a temporary station the watersupply must
be near at hand, and something must be given up for this.2 The banks of
rivers, if not marshy, may be chosen, care being taken to assign proper
spots for watering, washing, &c. A river with marshy banks must never
be chosen in any climate, except for the most imperative military reasons;
it is better to have the extra labour of carrying water from a distance.

A site under trees is good in hot countries, but brushwood must be avoided.

SuB-SkcTiON III.—PREPARATION OF SITE FOR MILITARY PURPOSES.

In any locality intended to be permanently used, the ground should be
drained with pipe drains. Even in the driest of the loose soils this is desir-
able, especially in hot climates, where the rainfall is heavy. In imperme-
able rocky districts it is less necessary. The size, depth, and distance of
the drains will be for the engineer to determine; but generally deep drains
(4 to 8 feet in depth, and 12 to 18 feet apart) are the best. If there is no
good fall, it has been proposed to drain into deep pits; but usually an
engineer will get a fall without such an expedient. A good outfall, how-
ever, should be a point always looked to in choosing a station. These drains
are intended to carry off subsoil water, and not surface water. This latter
should be provided for by shallow drains along the natural outfalls and
valleys. As far as drainage is concerned, we have then to provide both for
surface water, and for the water which passes below the surface into the soil
and subsoil.

Brushwood should usually be cleared away, but trees left until time is
given for consideration. In clearing away brushwood, the ground in the
tropics should be disturbed as little as possible; and if it can be done all
cleared spots should be soon sown with grass. Brushwood should not be
removed from a marsh.

1 Lind, Diseases of Europeans in Hot Climates, 4th edition, p. 200.
3 See remarks on this point, in the Regulations and Instructions for Encampments, p. 2.
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In erecting the buildings, the ground should be excavated as little as
possible; in the tropics especially hills should never be cut away. The
surface should be levelled, holes filled in, and those portions of the surface,
on which rain can fall from buildings, well paved, with good side gutters.
This is especially necessary in the tropics, where it is of importance to
prevent the ground under buildings from becoming damp; but the same
principles apply everywhere.

The rules for improving the healthiness of a site may be thus sum-
mariged :—

1. Drain subsoil and lower the level of the ground water.

2. Pave under houses, so as to prevent the air from rising from the
ground.

3. Pave or cover with short grass all ground near buildings in malarious
districts.

4. Keep the soil from the penetration of impurities of all kinds by proper
arrangements for carrying away rain, surface, and house water and house
impurities.

In a temporary camp so much cannot be done; but even here it is desir-
able to trench and drain as much as possible. It not unfrequently happens
in war that a camp intended to stand for two or three days is kept up for
two or three weeks, or even months. As soon as it is clear that the occupa-
tion is to be at all prolonged, the same plans should be adopted as in
permanent stations.

The great point is to carry off water rapidly, and it is astonishing what
a few well-planned surface drains will do. '



CHAPTER IL
WATER. .

THE supply of wholesome water in sufficient quantity is a fundamental
sanitary necessity. Without it injury to health inevitably arises, either
simply from deficiency of quantity, or more frequently from the presence
of impurities. In all sanitary investigations, the question of the water-
supply is one of the first points of inquiry, and of late years much evidence
has been obtained of the frequency with which diseases are introduced
by the agency of water. In such an investigation, if the headings of the
sub-sections of this chapter are followed, and the facts are noted under each
heading in order, it will be hardly possible to overlook any condition which
may have affected health. The order of investigation would be as follows: —
Quantity of water per head ; how it is collected, stored, distributed ; what
is its composition ; is it wholesome water at its source and throughout,
or has it been contaminated at any point of its distribution; what are
the effects presumed to arise from it ?

SECTION L
ON THE QUANTITY AND SUPPLY OF WATER.
SuB-SectiON I.—1. QUANTITY OF WATER FOR HEALTHY MEN.

In estimating the quantity of water required daily for each person, it is
necessary to allow a liberal supply. There should be economy and avoidance
of waste ; but still, any error in supply had far better be on the side of
excess. In England many poor families, either from the difficulty of
obtaining water, or of getting rid of it, or from the habits of uncleanliness
thus handed down from father to son, use an extremely small amount. It
would be quite incorrect to take this amount as the standard for the com-
munity at large, or even to fix the smallest quantity which will just suffice
for moderate cleanliness. It is almost impossible to give a definition of
cleanliness, nor perhaps is it necessary, since there is a general understand-
ing of what is meant.

It must be clearly understood for what purposes water is supplied. It
may be required for drinking, cooking, and ablution of persons, clothes,
utensils, and houses ; for cleansing of closets, sewers, and streets; for the
drinking and washing of animals, washing of carriages and stables; for
trade purposes ; for extinguishing fires ; for public fountains or baths, &c.

In towns supplied by water companies, the usual mode of reckoning is to
divide the total daily supply in gallons by the total population, and to express
the amount per head per diem.

Thus in 1888 the total population of the Metropolis and suburbs was
reckoned at 5,486,665, and the water supplied daily by all the eight com-
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meat, &c. of his food, and the remainder is taken in some form of liquid.
There are, however, wide ranges from the average. Women drink rather
less than men ; children drink, of course, absolutely less, but more in propor-
tion to their bulk than adults. The rules for transport vessels allow 8 pints
in, and 6 out of the tropics for cooking and drinking. During hot weather
and great exertion a man will, of course, drink much more. In stationary
camps the minimum daily allowance per head should be 5 gallons for all
purposes, including washing ; on desert marches the quantity has been on
special occasions as little as 4 pints.

In some experiments made for the War Office in 1866, at the Richmond
Barracks in Dublin and the Anglesea Barracks in Portsmouth, the amount
of the different items of the domestic supply (excluding latrines, which take
5 gallons per head) is thus given : —

Gallons per
soldier daily.
Cook-house, . 1 i
Ablution rvoms and bat,hs, . . . . . 4
Cleaning barracks, . . . . . 225
‘Wash-house and married pcople, . . . . . 25
975

Dr Parkes measured the water expended in several cases ; the following
was the amount used by a man in the middle class, who may be taken as
a fair type of a cleanly man belonging to a fairly clean household :—

Gallons daily
per one person,

Cooking, . . . . ‘75
Fluids as drink (water tea, coﬂ'ec) . 33
Ablution, including a daily sponge- bath which took 2} to 38 gals , - 5
Share of utensil and house- washing, . . 3
Share of clothes (laundry) washing, estlmated . . . 3
12

These results are tolerably accordant with the Dublin experiments, if we
remember that with a large household there is economy of water in washing
utensils and clothes, and that the number of wives and children in a regi-
‘ment is not great. In poor families, who draw water from wells, the amount
has been found to vary from 2 to 4 gallons per head, but then there was
certainly not perfect cleanliness.

Mr Bateman! states that, in a group of cottages with 82 inmates, the
daily average amount was 74 gallons per head, and in another group 5
gallons per head. Dr Letheby found in the poor houses in the city of
London the amount to be 5 gallons.?2 In experiments in model lodging-
houses, Mr Muir states that 7 gallons daily were used.® Mr Easton, in his
own house in London, found he used about 12 gallons per head, of which
about 5 were for closets, leaving 7 for other uses; but probably the laundry
washing was not included. In the convict prison at Portsmouth, where
there are water-closets, and ecach prisoner has a general bath once a week,
the amount is 11 gallons (Wilson).

In several of the instances just referred to, it may be questioned whether
the amount of cleanliness was equal to what would be expected in the
higher ranks. In most instances quoted no general baths were used ; but

1 On Constant Water Su;:l)ly, by Messrs Bateman, Beigs, and Rendle, 1867,
2 Report of the East Lon ater Bill Committee, 1367, Questions 2346 and 2347,
3 Ibd, p. 5.
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it is now becoming so common in England to have bath-rooms that they
are often put even in eight-roomed houses. A general bath for an adult
requires, with the smallest adult bath (i.e., only 4 feet long and 1 foot
9 inches wide), 38 gallons, and many baths will contain 50 to 60 gallons.
A good shower-bath will deliver 3 to 6 gallons. General baths used only
once a week will add 5 or 6 gallons per head to the daily consumption.

We may safely estimate that for personal and domestic use, without
baths, 12 gallons per head daily should be given as a usual minimum
supply ; and with baths and perfect cleanliness, 16 gallons should be
allowed. This makes no allowance for water-closets or for unavoidable
waste. If from want of supply the amount of water must be limited,
4 gallons daily per head for adults is probably the least amount which
ought to be used, and in this case there could not be daily washing of the
whole body, and there must be insufficient change of underclothing.

If public baths are used the amount must be greatly increased. The
largest baths the world has seen, those of Ancient Rome, demanded a
supply of water so great as, according to Leslie’s calculations, to raise the
daily average per head to at least 300 gallons.

Amount for Water-Closets.—The old arrangements with cisterns allow any
quantity of water to be poured down, and many engineers consider that the
chief waste of water is owing to waterlosets. In some districts, by atten-
tion to this point, the consumption has been greatly reduced ; in Warwick
from 22 to 15 gallons per head; and Warwick is entirely a water-closet
town.! It has not yet been precisely determined what quantity should be
allowed for waterclosets. Small cisterns, termed water-waste preventers,
are usually put up in towns with constant water-supply, which give only a
certain limited amount each time the closet is used. The usual size now in
use holds about 2 gallons ; but even 2 gallons are often insufficient to keep
the pan and soil-pipe perfectly clean. This depends a good deal upon the
kind of closet used. The water-waste preventer must be sometimes allowed
to fill again, and be again emptied. Considering also that some persons will
use the closet twice daily and sometimes oftener, and that occasionally more
water must be used for thoroughly flushing the pan and soil-pipe, 6 gallons
a day per head should probably be allowed for closets. In this particular
instance a false economy in the use of water is most undesirable. Water
latrines require less; the amount is not precisely known ; the experiments
of the Royal Engineers at Dublin give an average of 5 gallons per head, but
it is considered this might be reduced.

In fixing the above quantities, viz., 12 gallons per head for all domestic
purposes except general baths and closets, 4 gallons additional for general
baths, and 6 for water-closets, endeavours have been made to base them upon
facts, and they are probably not much in error. It is, however, necessary to
make some allowance for unavoidable waste within the premises, and for
extra supply to closets, and it will be a moderate estimate to allow 3 gallons
daily per head for this purpose. This will make 25 gallons.

There is another reason for believing that an amount of about 25 gallons
per head should pass from every house daily into sewers, if sewers are used.
It is that in most cases this quantity scems necessary to keep the sewers
perfectly clear, though in some cases, no doubt, with a well-arranged and
constructed sewerage, a less amount may suffice. But the complete cleansing
of sewers is a matter of such fundamental importance that it is necessary to
take the safest course. Hitherto much water has run merely to waste.

1 Wilson's Handbook of Hygiene, p. 160.
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Amount for Animals.—From experiments conducted in some cavalry
stables in 1866, by the Royal Engineers, the War Office authorities have
fixed the daily supply for cavalry horses at 8 gallons, and for artillery horses
at 10 gallons per horse. This is to include washing horses and carriages.
The amount seems rather small. Of course the amount that horses drink
varies as much as in the case of men, and depends on food, weather, and
exertion ; but if a horse is allowed free access to water at all times, and this
should be the case, he will drink on an average 6 to 10 gallons, and at times
more. In the month of October, with cool weather, a horse 16 hands high,
doing 8 miles a day carriage work, and fed on corn and hay, was found to
drink 7} gallons. Another carriage horse drank nearly the same amount.
In a stable of cavalry horses doing very little work, and at a cool time of the
year, the amount per horse was found to be 64 gallons. Taking a horse as
weighing 1000 b avoir., this is just an ounce of water per B weight of horse.
The amount used for washing was 3 gallons daily. In hot and dirty weather
the quantity for both purposes would be larger. For washing a horse
requires at least 14 gallons, and twice this amount if he is washed twice a
day. There is a saving, however, if grooms wash several horses in the same
water. It is difficult to say how much is used for carriage washing. On
the whole, including carriage washing, &c., 16 gallons per horse is not an
excessive amount. A cow or an ox, on dry food, will drink 6 or 8 gallons;
a sheep or pig, 4 to 1 gallon. In the Abyssinian expedition, the following
was the calculation for the daily expenditure of water per head on ship-
board :—

Elephants, . . . . . . . 25 gallons.
Canlx)e]s, . . . . . 10
Oxen (large dmught). .

gxen (small pack nmmals),

orses,
Mules and pomes,

For 20 elephants and 100 men, 50,000 gallons were put on board for a
voyage of 60 days.! For camels on board ship 8 gallons, and on land 15
gallons are required per day (Wolseley). F. Smith found, from experi-
ments in India, that a horse in the month of February consumed on an
average 83 gallons daily ; this accords with Dr Parkes’s experiments at home ;
of course, in hot weather the amount would be greater.?

Amounts required for Municipal and T'rade Purposes.—For municipal pur-
poses water is taken for washing and watering streets, for fountains, for extin-
guishing fires, &e. The amount for these and for trade purposes will vary
" greatly. Professor Rankine,® who gives an average allowance of 10 gallons per
head for domestic purposes, proposes 10 more for trade and town use in non-
manufacturing towns, and another 10 gallons in manufacturing towns.
Considering, however, the comparatively small number of horses and cows
in towns as compared with the human population, and the frequent rains in
this country, which lessen watering of streets, the two latter quantities might,
perhaps, in most cases be halved. Rawlinson considers 20 gallons per head
in manufacturing towns is sufficient as a minimum.

1 This information was derived from Major Holland, Assistant Quartermaster-General,
Abyssinian Army.
3 A Manual qf Vetersnary Eyiqmw by Fred Smith, M.R.C.V.8,, p. 2, London, 1887.
3 Civil Engineering, 1862, p.
C
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If, now, the total daily amount for all purposes be stated per head of
population, it will be as follows :—

Town and trade purposes, animals in.non-m;nnfactr.lﬁng to'wns,
Add for exceptional manufacturing towns, . . .

Gallons.
Domestic supply (without baths or closets), . 12
Add for general baths, . . . 4
‘Water-closets, . ]
Unavoidable waste, 3
Total house supply, . 22
5
85

In India and hot countries generally, the amounts now laid down would
have to be altered. Much more must be allowed for bathing and for wash-
ing generally, while a fresh demand would arise for water to cool mats,
punkahs, or air-passages by evaporation. In Calcutta the supply for a
population of 433,219 is 37 gallons of filtered, and 5'8 unfiltered water, in
all 42-8 gallons per head per day. In Madras, in 1887, the consumption was
about 18 gallons, and in 1888 about 16 gallons daily per head, the supply
being somewhat restricted.!

2. AMOUNT REQUIRED FOR SICK MEN.

In hospitals a much larger quantity must be provided, as there is 8o much
more washing and bathing. From 40 to 50 gallons per head are often used.
There are no good experiments as to the items of the consumption, but the
following is probably near the truth :—

Gallons daily.
For drinking and cooking, washing kitchen and utensils, . 2to 4
For personal washing and general iaths, . . . 18 ,, 20
For laundry washing, . . . . . . 5,,
Washing hospital, utensils, &c., . . . . . 8, 6
Water-closets, . . . . . . . 10, 15

38 ,, 51

It would be very desirable to have more precise data; possibly the
amount for -closets is put too high, but not greatly so when all cases are
taken into account.

At Netley the amount per head per diem is put approximatively at 56
gallons (Lieut.-Col. Nixon, R.E.). At Haslar (R.N.) the quantity is the same.
At the Cambridge Hospital, Aldershot, the average is 90 ; Herbert Hospital,
Woolwich, 89. In some of the Metropolitan hospitals there is singular
diversity in the quantities. The London Hospital expends 62 gallons per
head per diem, but they have a laundry on the premises; St Thomas’s (no
laundry), no less than 99; St Bartholomew’s (no laundry), 40 gallons;
whereas at Guy’s, where there is a laundry, but where special care is taken
to check unnecessary waste, only 20 are used. In Glasgow the amounts are :
Royal Infirmary, 147 gallons ; Western Infirmary, 119 ; Sick Children’s, 55 ;
Belvidere (infectious diseases), 97, daily. At the Edinburgh Royal Infirmary
water is supplied free by Act of Parliament, and no note is taken of delivery
or consumption.

Sus-SEcTiON IL.—COLLECTION, STORAGE, AND DISTRIBUTION OF WATER.

The daily nccessary quantity of water per head being determined, the
next points are to collect, store, and distribute it.

! Report of Sanitary Measures in India, vol. xxi., 1889, pp. 138 and 158,
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3. A weir formed by a plank set on edge in which a rectangular notch is
cut, usually one foot in width; over this the water flows in a thin sheet,
and the difference of level is measured by the depth of the water as it flows
over the notch. Then by means of a table the amount of water delivered
per minute is read off. The weir must be formed of very thin board and
be perfectly level; a plumb-line has generally to be used.! This plan of

measuring the yield of water-courses is the one now most generally adopted |

by engineers.

The same object may, however, be attained with sufficient accuracy for
the purposes of the medical officer by selecting a portion of the stream
where the channel is pretty uniform, for the length of, say not less than 12
or 15 yards, and in the course of which there are no eddies. Take the
breadth and the average depth in three or four places, to obtain the sectional
area. Then, dropping in a chip of wood, or other light object, notice how
long it takes to float a certain distance over the portion of channel chosen.
From this can be got the surface velocity per second, which is greater of
course than the bottom or the mean velocity. Take four-fifths of the surface
velocity (being nearly the proportion of mean to surface velocity), and
multiply by the sectional area. The result will be the yield of the stream
per second. :

It may sometimes be worth while, if labour be at hand, to remove some
of the irregularities of the channel, or even to dig a new one across the neck
of a bend in the course of the stream.

The yield of a spring or small river should be determined several times,
and at different periods of the day.

Wells.—The yields of wells can only be known by pumping out the water
to a certain level and noticing the length of time required for refilling. In
cases of copious flow of water a steam-engine is necessary to make any
impression ; but, in other cases, pumping by hand or horse labour may be
sufficient perceptibly to depress the water, and then, if the quantity taken
out be measured, and the time taken for refilling the well be noted, an
approximate estimate can be formed of the yield.

A well of 50 feet in depth, or less, is generally regarded as a shallow
well ; one of 100 feet or more, as a deep well.?2 Artesian wells (so called
from having been first sunk in the province of Artois in France), are gen-
erally of great depth, passing through an upper impermeable stratum, e.g.,
clay, and penetrating a water-bearing stratum, which crops up elsewhere at
some higher point, and below which is another impermeable stratum.
Ordinary wells are sometimes supplemented by borings to increase the
supply. .

Permanence of Supply.—It is obvious that the permanence of the supply

of water is the difference of level of the water above and below the dam if the sluice be entirely
under the lower level ; or the height of the upper level above the centre of the opening if the
sluice be above the lower level.

! Discharge of water over a weir one foot in length.—If the weir is more or less than a foot,
multiply the ?mﬁty in the table opposite the given depth by the length of the weir in feet,
or decimals of a foot. Thus if the weir measure 1 foot, and the depth of water falling over be
2 inches, the delivery is read at once, viz., 13-63 cubic feet, or 849 gallons per minute.

Depth falling Discharge per Depth falling Discharge per
over, inches. minute. over, inches. minute,
1470 cubic feet. P2 . . 1970 cubsic feet.
1 . . 4 n 9 3 . . 26 ,
1* . . 8-84 ” ” 3} M M 8322 ”» ”»
2 . . 1363 , . 4 . . o7 o,

3 Sizth Report of the Riv. Poll. Commission, p. 25.
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pipes lined and coated with hydraulic cement are used in the United States.
The sheet iron is formed into pipes about 8 feet long, and rivetted. These
are then lined with hydraulic cement, and when lined are enclosed in a bed
of cement.! Iron is the best material for the larger pipes, and it is also
necessary (steam-piping) for the smaller pipes under the pressure of the
constant service system.

‘Water should be distributed not only to every house, but to every floor
in a house. If this is not dome, if labour is scarce in the houses of poor
people, the water is used several times ; it becomes a question of labour and
trouble versus cleanliness and health, and the latter too often give way.
Means must also be devised for the speedy removal of dirty water from
houses for the same reasons. In fact, houses let out in lodgings should be
looked upon, not as single houses, but as a collection of dwellings, as they
really are.

Sub-SEcTION III.—AcTION OF WATER ON LEAD PiPES.

There are more discrepancies of opinion on this subject than might have
been anticipated.?

From an analysis of most of the works, the following points appear to be
the most certain :—

A. The waters which act most on lead are :—

(a) The purest and most highly oxygenated ; as rain water, and the soft — f“'
waters of lakes and upland streams.

(b) Those containing organic matter, nitrites and nitrates; as impure - J €t
waters contaminated with sewage, &c.

(¢) Those containing chlorides ; these salts having the power of dissolving = € Lén
the protecting coat of carbonate that may have been formed.

(d) Those containing a free acid ; as soft peaty waters derived from '/‘*"“’ !
upland surfaces.

Besides the portion dissolved, a film or crust is often formed, especially
at the line of contact of water and air; this crust consists usually of two
parts of lead carbonate and one part of hydrated oxide. The mud of several
rivers, even the Thames, will corrode lead, probably from the organic matter
it contains, but it does not necessarily follow that any lead has been dis-
solved in the water. Bits of mortar will also corrode lead.

B. The waters which act least on lead are :—

(a) Those that are rich in earthy salts—that is, hard waters, such as are
derived from deep wells, &c. Carbonates, phosphates, and sulphates, all
have a protecting influence, especially carbonates, and most especially
carbonate of lime. According to Lissauer the presence of 58 parts per
100,000 of CaCOjg renders a water safe. But when sulphates are in excess,
they increase the solvent action of the water.

(b) The presence of free carbonic acid exercises a protective influence, a
basic carbonate being formed, very sparingly soluble, which is deposited on
the pipe. But if the CO, is in excess, or if the water is charged with it
under pressure, this coatmg is dissolved, and the solvent action increased.

(c) The presence of silica, according to Crookes, Odling, and Tidy, to the-
extent of half a grain per gallon, has a protective influence, an insoluble lead
silicate being formed. But although most waters that act markedly on lead
contain very little silica, the degree of their activity does not appear pro-

1 On Hydraulic and Water Sy, J. T. Fanning, New York, 1889.
3 Reference may be made to art: cles on thh sub oct in B. Af. J., 1890, vol. i., Lw\\ sl May.
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others.! But it is difficult to prove it may not at some time have been

more than this. Calvert found that water which had been decidedly

injurious in Manchester contained from ¢4th to &;ths of a grain per
lon.

In the celebrated case of the poisoning of Louis Philippe’s family at
Claremont, the amount of lead was yi;ths of a grain per gallon ; this quantity
affected 34 per cent. of those who drank the water.

On the whole, it seems probable that any quantity over J4;th of a grain
per gallon (=-07 per 100,000) should be considered dangerous, and that
some persons may even be affected by less quantities.?

Protection of Lead Pipes.—The chief means which have been proposed
are :—

(a) Lining with tin. Calvert’s experiments 3 show that extra tinned and
ordinary tinned lead piping both gave up lead to the pure water now used
at Manchester.

(5) A much better plan is by having a good block-tin pipe enclosed in a
lead pipe, as in Haines’ patent. If the tin is good it is little acted on, and
the strength of the pipe is increased, while bends and junctions can be made
without destroying the continuity of the tin. The composite pipes of this
kind made by Messrs Walker, Parker, & Co. are said to withstand any
amount of torsion.

(c) Lead alloyed with 3 per cent. of tin is said not to be acted upon by
water (Cameron);* pipes of this kind appear to be used in Dublin and in
Glasgow. Later experience with this alloy, however, seems to have modified
the good opinion first held of it ; it is certainly inapplicable to cisterns, or
for any purpose where it is more or less exposed to the air.

Other methods of protection have been advocated, such as the use of a
bituminous coating (M‘Dougall’s patent), varnish of coal tar, various
resins, &c.: coating with lead sulphide (Schwartz’s patent), and lining
with fusible metal (lead, bismuth, and tin). None of these are entirely
satisfactory.

Substitutes for Lead Pipes.—Cast and wrought iron pipes can be used,
and Sir R. Rawlinson now orders no others: the iron can be glazed inter-
nally. This method appears to be the best, and is now very largely used.
Iron pipes, coated inside with Angus Smith’s bituminous varnish, are used
a good deal, but the tarry taste remains in the water a long time. Block-
tin is also employed, and is excellent, but rather expensive. In some cases
the tin is eaten through, but this is not common,5 except with well waters
containing nitrates.

1 Wanklyn adopts yth of a grain per gallon as justifying rejection of a water ;—gth
would probably be a safer limit.

3 See also Taylor's Med. Jurisp., edited by Stevenson, 3rd edition, 1883, vol. i. pp. 806, 307.

3 Chemical News, September 28, 1861.

4 Manual of Hygiene, p. 86.

8 T have seen block-tin pipes eaten through by water at Woolston, apparently in conse-
qgence of the presence of nitrates. Zinc pipes, which have been recommended, are objection-
able as likely to yield poisonous salts to such waters.—{[F. de C.]
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SECTION II.
QUALITY OF DRINKING WATER.
SuB-SecTION 1.—COMPOSITION.

The composition of water is of importance for several economic purposes ;
for certain trades which require careful processes of washing and dyeing ;
for the supply of engines, &c. But these subjects are too technical to be
discussed here, and this chapter is therefore restricted to the quality of
water as used for drinking purposes. The only domestic matter of import-
ance connected with quality, apart from drinking and cooking, is the relative
amount of soap used by hard and soft water in washing. But this is so
obvious a matter that it only requires to be alluded to.

Owing to many of the domestic uses of water, such as the washing of
utensils, the supply for closets, &c., not requiring a very pure water, it has
been proposed in some cases to supply water from two sources—one pure for
drinking and cooking, the other impure. This requires, however, two sets
of pipes, and involves the chance of mistake between two waters ; and it is
only likely to be of use under exceptional circumstances.

Drinking water is supplied from shallow, deep, and Artesian well sources:
rain, rivers, wells, springs, &c.

Rain-Water.—As it falls through the air, rain becomes highly aérated.
The amount of contained gas averaging 25 c.c. per litre : of this oxygen forms
about 32 per cent., and carbon dioxide 2} or 3 per cent. It carries down
from the air ammoniacal salts (carbonate, nitrite, and nitrate), and nitrous
and nitric acids in small amount. The total quantity of nitrogen in am-
moniacal salts, nitrous and nitric acid, is 0985 parts per 100,000. Frankland
puts the average at ‘032. At Montsouris,! mean of seven years, the ammonia
amounted to ‘193 per 100,000; mean of all Paris (1881-82), 0-287 per
100,000 ; the nitric acid (NOg), mean of six years, to 354 per 100,000.
This gives a total nitrogen, from ammonia and nitric acid, of ‘239 per
100,000. In towns with coal-fires it takes up sulphurous and sulphuric
acids, and sometimes hydrogen sulphide. The sulphates in rain increase,
according to Dr Angus Smith,? as we pass inland, and before large towns
are reached ; they are, according to this author, “the measure of the sewage
in air” when the sulphur derived from the combustion of coal can be ex-
cluded, but in this country the exclusion could never be made. Free acids
are not found with certainty, according to Smith, when combustion and
manufactures are not the cause. The acidity taken as sulphuric anhydride
(SOg) was equal to ‘014 grains per 100,000 of rain in a country place in
Scotland, and 1-513 in Glasgow ; in Manchester in 1870 it was 1202 ; and
in London -387. The nitric acid in Glasgow was as much as 244 parts per
100,000, and in London only ‘0884. Albuminoid ammonia was no less
than ‘0326 parts per 100,000 in London rain.3 Rain also carries down
many solid substances, as sodium chloride, in sea air; calcium carbonate,
sulphate, and phosphate ; ferric oxide; carbon.* It almost always contains

1 Annuaire de I Observatoire de Montsouris.
2 Air and Rain, 1872, p. 245.

3 Augus Smith, Op. cit., p. 363.
4 An ingenious plan for removing su?,pended matter from rain-water is supplied by Roberts

(formerly Buck’s) ‘ Patent Percolator,” which may be attached to the pi)i.le supplying a rain-
water tank. It works automatically and produces good results, although at the expense of
considerable waste of the water.
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The temperature of shallow springs alters with the season; that of deeper
springs is often that of the yearly mean. In very deep springs, or in some
Artesian wells, the temperature of the water is high.

The substances which are contained in spring, river, and well waters are
noted more fully under the head of ‘EXAMINATION OF WATER.” There may
be suspended matters, mineral, vegetable, or animal ; dissolved gases, viz.,
nitrogen, oxygen, carbon dioxide, and in some cases hydrogen sulphide, and
carburetted hydrogen ; and dissolved solid matters, consisting of lime, mag-
nesia, soda, potash, ammonia, iron, alumina, combined with chlorine, and
sulphuric, carbonic, phosphoric, nitric, nitrous, and silicic acids. Less fre-
quently, or in special cases, certain metals, as arsenic, manganese, lead, zinc,
and copper, may be present.

The mode of combination of these substances is as yet uncertain ; it may
be that the acids and bases are equally distributed among each other, or
some other modes of combination may be in play. The mode of combina-
tion may usually be assumed to be as follows. Each separate substance
being determined, the chlorine is combined with sodium ; if there is an
excess it is combined with potassium or calcium ; if there is an excess of
sodium, it is combined with sulphuric acid, or if still in excess, with car-
bonic acid. Lime is combined with excess of chlorine, or sulphuric acid, or
if there be no sulphuric acid, or an excess of lime, with carbonic acid.
Magnesia is combined with carbonic acid. So that the most usual combina-
tions are sodium chloride, sodium sulphate, sodium carbonate, calcium
carbonate (held in solution by carbonic acid), calcium sulphate, calcium
chloride and silicate, and magnesium carbonate ; but the results of the analysis
may render other combinations necessary.

Distilled Water.—Distillation is now very largely used at sea, and affords
an easy way of getting good water from sea or brackish water. Almost any
form of apparatus will suffice, if fuel can be procured, to obtain enough
water to support life; and if even the simplest appliances are not attain-
able, the mere suspension of clean woollen clothing over boiling water will
enable a large quantity to be collected. At sea it is sometimes mixed with
salt water from the priming of the boilers, and occasionally, from decom-
position of magnesium chloride (probably), a little free hydrochloric acid
passes off. This can, if necessary, be neutralised by sodium carbonate.

As distilled water is nearly free from air, and is therefore unpalatable to
some persons, and is supposed to be indigestible,! it may be aerated by
allowing it to run through a cask, the bottom of which is pierced with
fine holes, 8o as to expose the water to the air. Plans for aérating the water
distilled from sea-water have been proposed by Normandy and others; and
are used in most steamers.

Care should be taken that no lead, zine, or copper finds its way into the
distilled water. Many cases of lead poisoning have occurred on board ships,
partly from the use of minium in the apparatus, and partly from the use of
zinc pipes containing lead in their composition. If possible, block tin should
always be used.

Comparative Value of Spring, River and Well Water as Sources of Supply.

This depends on many circumstances. Spring water is both pure and
impure in different cases ; and the mere fact of its being a spring is not, as
sometimes imagined, a test of goodness. Frequently, indeed, river water is

~ 1 By some even dangerous (Gerardin),



50 WATER.

purer than spring water, especially from the deposit of calcium carbonate ;
organic matter is, however, generally in greater quantity, as 8o much more
vegetable matter and animal excreta find their way into it. The water of
a river may have a very different constitution from that of the springs near
its banks. A good example is given by the Ouse, at York ; the water of
this river is derived chiefly from the millstone grit, which feeds the Swale,
the Ure, and the Nid, tributaries of the Ouse; the water contains only 13
parts per 100,000 of salts of calcium, magnesium, sodium, and a little iron.
The wells in the neighbourhood pass down into the soft red sandstone
(Yoredale series) which lies below the millstone grit ; the water contains as
much as 92-8 parts, and even, in one case, 137 parts per 100,000 of total
solids; in addition to the usual salts there is much calcium chloride, and
calcium, sodium, and magnesium nitrates. Shallow-well water is always to
be viewed with suspicion ; it is the natural point to which the drainage of a
good deal of surrounding land tends, and heavy rains will often wash many
substances into it.! The question may arise as to what should be considered a
shallow, and what a deep well. In the Rivers Pollution Commsisstoners’ Sixth
Report all the shallow wells examined are less than 50 feet deep;
most of the deep wells more than 100 feet deep. Any well less than 50
feet deep that does not pass through an impermeable stratum, such as
stiff clay or hard rock, must be classed as a shallow well. The following
tables are given by the Rivers Pollution Commissioners :2—

1. In respect of wholesomeness, palatability, and general fitness for drink-

ing and cooking :—

1. Spring water, . .
Wholesome - 2. Deep-well water, . }very palatable.

8. Upland surface water,
Susnicions 4. Stored rain-water, ’ Emoderately palatable.
12 5. Surface water from cultivated land, . .
D 6. River water, to which sewage gains access, . latable.
gerous 7. Shallow-well water, . & . . . P

2. Classified according to softness with regard to washing, &ec. :—
Rain-water.

. Upland surface water.

Surface water from cultivated land.

. Polluted river waters.

. Spring water.

. Deep-well water.

7. Shallow-well water.

3. As regards the influence of geological formation in rendering the water
sparkling, colourless, palatable, and wholesome. The following water-
bearing strata are the most efficient :—

. Chalk.

. Oolite.

. Greensand.

. Hastings Sand,

. New Red and Conglomerate Sandstone.

SOV oo

Ot 0O 1D

SuB-SEcTION I1.—CHARACTERS AND CLASSIFICATION OF DRINKING WATERS.
The general characters of good water are easily enumerated. Perfect

1 8ir Charles Cameron (Dublin Journal of Medical Science) cites a case where good and bad
water was obtained from different levels in the same well. Similar results have been observed
elsewhere ; see analysis of water from a well at Fareham, Report on Hygiene, A.M.D. Reports,
vol. xxi. In these cases both samples were impure, but the water from the bottom of the well
contained a great excess of salts, due probably to infiltration from the tidal waters of the
neighbouring river. . 2 Sizth Report, p. 129.
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clearness ; freedom from odour or taste; coolness; good aération; and a
certain degree of softness, so that cooking operations, and especially of vege-
tables, can be properly performed, are obvious properties. But when we
attempt a more complete description, and assign the amounts of the dissolved
matters which it is desirable should not be exceeded, we find consider-
able difference of opinion, and also a real want of evidence on which to base
a satisfactory judgment.

Still an hygienic classification or enumeration of potable waters, based on
such facts as are generally admitted, will be useful. A division of waters
used for drinking into four classes has been adopted in this work :—

1. Pure and wholesome water.
2. Usable »
8. Suspicious ’
4. Impure ”

The waters belonging to the first and second class may be used ; those of
the third, or suspicious class, should be well filtered before distribution, and,
if possible, should be again filtered in the house. A purer source should
also be, if possible, obtained, and sources of sewage contamination ascertained
and prevented.

The waters of the fourth class should be entirely disused, or only be used
when a better source is not procurable, and means of purification should then
be systematically resorted to.

Sus-SectioN III.—ORIGIN OF THE IMPURITIES IN DRINKING WATER.

The origin of the impurities in water may be conveniently referred to
four heads, viz. :—(1) substances derived from the source; (2) substances
added during the flow of the water in rivers, canals, aqueducts, or other
conduits ; (3) impurities caused by storage in reservoirs or tanks; and (4)
substances added during distribution from reservoirs either in pipes or water
barrels, or in house cisterns.

1. Impurities of Source.

The geological formation of a district necessarily influences the composi-
tion of the water running through it, though it is impossible to tell with
absolute certainty what the constituents of the water may be. Formations
vary greatly, and the broad features laid down by geologists do not always
suffice for our purpose. In the middle of a sandy district, yielding usually
a soft water, a hard selenitic water may be found ; and, instead of the pure
calcium carbonate water, a chalk well may yield a water hard from calcium
sulphate and iron. Still it may be useful to give a short summary of the
best-known facts.

1. The Granitic, Metamorphic, Trap Rock and Clay-Slate Waters.—Gene-
rally the granitic water is very pure, often not containing more than 3 to 9
parts per 100,000 of solids, viz., sodium carbonate and chloride, and a little
lime and magnesia. The organic matter is in very small amount. The
clay-slate water is generally very pure, often not containing more than from
4 to 5 parts per 100,000. The water from hard trap rocks is pure, but if
the trap be disintegrated the shallow wells surik in it are of course liable to
be fouled by surface washings or soakage.

2. The Water from Millstone Grit and Hard Oolite—Like the granitic
water this is very pure, often not containing more than 6 to 11 parts per
100,000 of mineral matters, which consist of a little calcium and magnesium
sulphate and carbonate ; a trace of iron.
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no doubt that among this “ suspended organic matter ” many minute plants
and animals (including bacteria and their spores), are always included. It
is probably owing to the variation in the quantity of suspended organic
matter (living and dead) that water from the same source sometimes gives
different results on analysis, even though the water be taken at the same
time. During its flow in open conduits, however, a species of purification
goes on, by means of subsidence, the action of water-plants, and to some
extent by oxidation. On the whole these processes appear in India to render
river-water, in spite of all the contaminations it receives, purer than tank
and well water.! The freedom from noxious substances is also apparently
greater in India in the quick-running streams, which may also depend upon
purification taking place in them.2

3. Impurities of Storage.

The chance of substances getting into the water of wells, and tanks,® and
even of cisterns in houses, is very great. Surface washings and soakage
contaminate wells and tanks, and leakages from pipes, passage of foul air
through pipes, or direct absorption of air by an uncovered surface of water,
introduce impurities into cisterns.* It is singular in how many ways
cisterns and tank waters get foul, and what care is necessary not only to
place the cistern under safe conditions at first, but to examine it from time
to time to detect contamination of the water. In India, especially, the tank
water is often contaminated by clothes washed near, or actually in, the
tank ; by the passage even of excrement directly into it, as well as by sur-
face washings, so that in fact in some cases the village tank is one of the
chief causes of the sickness of the people. There is, perhaps, no point on
which the attention of the sanitary officer should be more constantly fixed
than that of the storage of water, either on the large or small scale.

In shallow wells (10 to 50 feet deep) the soakage water from the ground
in loose soils of chalk and sand is often very impure. Thus in a town
the well-water often shows evidence of nitrites, nitrates, ammonia, and
chlorine far in excess of river-water in the neighbourhood, though the strata
are the same.> Occasionally, by constant passage of the water, a channel
is formed, which may suddenly discharge into the well ; and probably some
of the cases of sudden poisoning from water have thus arisen.

A well drains an extent of ground about it nearly in the shape of an
inverted cone. The area must depend on the soil ; but the experiments at
Grenelle and Passy show that the radius of the area drained is equal to four
times the depth at least, and that it often exceeds this. Dupuit shows that

1 Palmer shows this clearly in a very interesting paper in the I'ndian Medical Gazetie for
December 1870.

2 Much influence has been ascribed to oxidation, and doubtless in part correctly ; but Dr
Frankland has shown its effect to be limited. The Irwell River, after passing Manchester,
runs 11 miles to its junction with the Mersey without further material pollution, and falls
over 6 weirs ; yet the purification by oxidation is trifling. By siphoning water from one
vessel to another so as to represent a run of 96 miles, the organic carbon was only reduced 6-4
per cent. and the organic nitn%en 28-4 per cent. This, however, is widely different from

ing in an open river bed. Tidy's statements attribute more power to oxidation ; see his
phlet On River Water, also his evidence before the Royal Commission on Metropolitan
Discharge.

3 In two examples of (so-called) rain-water collected in the tanks in the marsh near Tilbury
Fort for the use of the troops, the solids were found to be respectively 59 and 207 parts per
100,000 (Army Medical Reports, vol. xvii. p. 214).

4 A good case ofabsoegmon by an open cistern of gases from water-closets and urinals is
recorded by Druitt (Medical Times and Gaszelte, September 1869). The water as supplied
contained “008 parts per 100,000 of albuminoid ammonia ; after abeorption, 17 parts.

5 Roth and Lex, op. cit., p. 43.
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which have decidedly produced injury often shows that the impurities have
been numerous.

As far as at present known, the existence of snfusoria of different kinds
is not hurtful, though they may indicate by their abundance the presence
of organic impurity, which they are probably useful in getting rid of. The
effect of microzymes, alge, or fungi, in drinking water is also a matter of
which little or nothing is known, though it is very probable that future
research may bring out something important in this direction, research
which is now only in the initial stage.!

The most practical way of stating the facts connected with the pro-
duction of disease by water will be to enumerate the diseases which have
been traced to the use of impure water, and to state the nature of the im-

purities.
1. AFFECTIONS OF THE ALIMENTARY MUCOUS MEMBRANE.

It is reasonable to suppose that the impurities of water would be likely
to produce their greatest effect upon the membrane with which they come
first in contact. This is in fact found to be the case.

Affections of the Stomach—Dyspepsia.

Symptoms which may be referred to the convenient term dyspepsia, and
which consist in some loss of appetite, vague -uneasiness or actual pain at
the epigastrium, and slight nausea and constipation, with occasional
diarrhcea, are caused by water containing a:large quantity of calcium
sulphate and chloride, and the magnesian salts. Dr Sutherland found the
hard water of the red sandstone rocks, which was formerly much used in
Liverpool, to have a decided effect in producing constipation, lessening the
secretions, and causing visceral obstructions ; and in Glasgow, the substitu-
tion of soft for hard water lessened, according to Dr Leech, the prevalence
of dyspeptic complaints. It is a well-known fact that grooms ohject to give
hard water to their horses, on the ground that it makes the coat staring and
rough—a result which has been attributed to some derangement of diges-
tion. The exact amount which will produce these symptoms has not been
determined, but water containing more than 11 parts per 100,000 of each
substance individually or collectively appears to be injurious to many

rsons. A much less degree than this will affect some persons. In a well
water at Chatham, which was found to disagree with so many persons that
no one would use the water, the main ingredients were 27 parts of calcium
carbonate, 16 parts of calcium sulphate, and 185 parts of sodium chloride
in 100,000. The total solids were 714 parts in 100,000. In another case
of the same kind, the total solids were 83 parts in 100,000 ; the calcium
carbonate was 31, the calcium sulphate 16, and the sodium chloride 20 parts
per 100,000.

Iron, in quantities sufficient to give a slight chalybeate taste, often pro-
duces slight dyspepsia, constipation, headache, and general malaise. Custom
sometimes partly removes these effects.

Diarrheea.

Many conditions produce diarrheea.
(a) Suspended Mineral Substances.—Clay, Marl—as in the cases of the

1 See under Bacteriological Examsnation of Water in Book III.
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cause must be in larger quantity in the water, or, what is equally probable,
must be more readily taken up into the circulation and carried to the spleen,
than when the cause enters by the lungs.

An instructive case is recorded by Surgeon-General Faught.! The
artillery quartered at Tilbury Fort (in the Gravesend district) have generally
suffered more or less from ague, whilst the people at the railway station, and
the coastguard and their families in the ship lying just outside the fort,
never suffer from malarious poisoning. The troops have been supplied with
drinking water from two underground tanks which receive rain-water from
the roof of the barracks, whilst the other persons above mentioned draw
their drinking water from a spring near the railway station. In the six
months, from January to June 1873, there were amongst the troops 12
_ admissions for ague out of a strength of 102. From December 1873 to July

1874 they were supplied from the spring near the railway station, on
account of the barrack tanks being out of repair. From December 1873 to
July 1874 there was only one case out of a strength of 90 men ; while from
November 1874, when the water from the tanks was brought into use
again, until March 1875, there were four cases out of a strength of 53 men.2

Another case of importance is that recounted by C. Smart, Capt. and
Assist. Surg., U.S.A.3 In the Rocky Mountain district of North America
a fever prevails, which is popularly known as the Mountain fever ; it is of a
remittent type, and is amenable to quinine. There is, however, no malarious
district in the neighbourhood, and cases of intermittent fever from the plains
recover rapidly there; the disease occurs sometimes when the thermo-
meter is at times below zero, and always below the freezing-point, but most
frequently at times when fever does not occur in the plains, but which
coincide with the melting of the snows, viz.,, May, June, and July. Dr
Smart found that all the water in the rivers contained a large excess of
organic matter, the purest showing from 0-019 to 0-028 per 100,000 of
albuminoid ammonia, whilst the springs showed only 0:010. The amount
was much increased after heavy snow-fall, and on analysing the snow he
was surprised to find it contained a large excess of organic matter, especially
that which fell in large heavy flakes (as high sometimes as 0°058 of albu-
minoid ammonia). Dr Smart concludes that vegetable organic matter is
blown up from the plains and precipitated with the snow, and, when the
latter melts, carried into the streams. The exclusion of the snow-waters and
heavy rainfalls, by erecting storage reservoirs, gave the place a comparatively
pure spring water at all times, and this fever occurred afterwards but
slightly.

In opposition, however, to all these statements must be placed a remark
of Finke’s,* that in Hungary and Holland marsh water is daily taken with-
out injury; but in Hungary, Dr Grosz states that, to avoid the injurious
effects of the marsh water, it is customary to mix brandy with it.5 Professor
Colin, of the Val de Grice, who is so well known for his researches on
intermittent fever,® questions the production of paroxysmal fevers by marsh
water. He cites numerous cases in Algiers and Italy, where impure marsh

1 Army Medical Reports, vol. xvii, p. 212,

2 An an;]lysis of the waters showed that the tanks were exposed to soakage from the sur-
rounding salt marsh ; for the so-called rain-water yielded 59 parts per 100,000 of total solids
in the one case, and 2075 in the other ; the chlorine being respectively 18 and 47.

3 For details see ..M. D. Reports, vol. xix. p. 190,

4 Qesterlen’s Handb. der Hygiene, 2nd edit., 1857, p. 129; footnote.

8 Quoted by Wutzur, Reise tn dem Orient Kuropas, band. i. p. 101. .

8 De U'Ingestion des eauz Marécageuses comme cause de la Dysentérie et des Fidvres Inter-
miitientes, par L. Colin, Paris, 1872,

A
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water gave rise to indigestion, diarrhceea, and dysentery, but in no case to
intermittent fever, and in all his observations he has never met with an
instance of such an origin of ague. He therefore denies this power, and in
reference to the celebrated case of the * Argo,” without venturing to contest
it, he yet views it with suspicion, and questions whether Boudin has given
the exact details.

Hirsch considers that the observations, which have been adduced to prove
the diffusion of malaria by means of drinking water, do not bear the con-
structions that the writers put upon them; and he believes that there is
no proof of the propagation of the disease by this means.!

‘W. North? adduces the fact that ‘the healthiest parts of the city of
Rome are supplied by water admitted to be the best in the world, and which
rises—to take the Acqua di Trevi or Acqua Vergine as an example—on
unenclosed land, in springs which bubble up and cover the surface in a
locality so unhealthy, that to pass several nights there in August might
involve risk to life, and certainly to health.” He thinks that  proof that
the malarial affection can be conveyed by water is wanting, though very
largely credited by the natives of countries where the disease prevails.” As
yet the views of Klebs and Tommasi-Crudeli have not been confirmed.

Enteric Fever.

The belief that enteric fever can spread by means of water as well as air
appears to be quite of modern origin, though some epidemics, such as the
“Schleim-fieber ” of Gottingen in 1760, were attributed in part to the use of
impure water. In 1822, Walz, at Saarlouis, in 1843, Miiller, at Mayence,
and in 1848, E. A. W. Richter, at Vienna, published cases illustrative of
this.3 In 1852 Dr Austin Flint4 published the particulars of a similar
outbreak of enteric fever at the hamlet of North Boston (Erie, U.S.) in
1843.

In 1852-3 a severe outbreak of enteric fever took place at Croydon, and
was thoroughly investigated by many competent observers ; and it was shown
by Dr A. Carpenter that it was partly, at any rate, spread by the pollution
of the drinking water from the contents of cesspools.

In 1856 Dr Routh,’ and in 1859 Dr W. Budd,® published very conclusive
cases. The latter had long been convinced of the occasional propagation of
enteric fever in this way.

In 1860 an outbreak of enteric fever occurred at the convent of Sisters of
Charity at Munich. 31 persons out of 120 were attacked between 15th
September and the 4th of October with severe illness, and 14 of these cases
were truc enteric; 4 died. The cause was traced to wells impregnated with
much organic matter (and among other things enteric dejections), and con-
taining nitrates and lime. On the cessation of the use of this water the
fever ceased.”

In 1866 cnteric fever broke out in a girls’ school at Bishopstoke, near
Southampton, and was traced unequivocally to the bursting of a sewer pipe
into the well. The water was disagreeable both to smell and taste. 17 or

1 Op. cit., vol. i. p. 296.

2 B.M.J., 1887, i. 932.

3 All these cases are related by Riecke in his excellent work, Der Kriegs und Friedens-
Typhus, Nordhausen, 1850, pp. 44-58.

4 Clinical Reports on Contanued Fever, by Austin Flint, M.D., Buffalo, 1852, p. 380.

5 Facal Fermentation as a Cause of Disease. Pamphlet. Lond. 1856, p. 34.

¢ Lancet, Oct. 29, 1859, p. 432

7 Edinburgh Medical Journal, Jan. 1862, p. 1153 ; see also Gietl, Die Ursachen des Enter-
Typhus sn Mnchen, 1865, p. 58,
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18 persons were effected out of 26 or 28. Several very striking instances
are recorded in Sir J. Simon’s Reports by Drs Seaton, Buchanan, and Thorne,!
and in some of these cases analyses of the water were made which showed it
to be impure, and to contain organic sewage or its derivatives. Dr De
Renzy has also published a remarkable paper on the extinction of enteric
fever in Millbank Prison, and shows that enteric fever prevailed constantly
until 1854, the water-supply being derived from the Thames. After this it
was taken from an Artesian well in Trafalgar Square: only 3 deaths
occurred from 1854 to 1872, and no case at all since 1865.2

At Guildford,® in 1867, an outbreak occurred, almost exclusively amongst
the dwellers in a particular area of water-supply. This particular area of
330 houses had been exceptionally supplied on one day in August with
water from a new well ; the epidemic broke out ten or eleven days after-
wards. On examination the water was found to be polluted with organic
matter ; the well was situated in porous and fissured chalk, dangerously
near a sewer, and this was found to be leaking.

An interesting outbreak is that of Lausen? in Switzerland, which occurred
in 1872. The cases were confined to those who drank water from a certain
spring. On the other side of a hill, 300 feet high, was a brook contami-
nated with enteric excreta: when this Furler brook was dammed up to
water the meadows, it was noticed that the spring at Lausen became turbid
and bad tasting. Shortly afterwards 10 persons were attacked in one day,
and 57 more in the nine days following. Salt was put into the Furler
brook, and its presence detected in the water at Lausen, clearly showing a
direct connection.

A destructive outbreak took place at Caterham and Redhill during 1878.
This was investigated by Dr Thorne Thorne, who traced it to contamination
of the water-supply by the stools of a workman suffering from mild enteric
fever, who was employed in the Company’s wells. The disease was confined
to those who consumed the water, and ceased after the wells were pumped
out and cleansed. The inmates of the Lunatic Asylum and the detachment
of troops at Caterham barracks used the water from the asylum well, and did
not suffer.5

An outbreak of enteric fever at the Hampshire Lunatic Asylum at Fare-
ham has been traced by Mr Rogers Field,® to the use of water originally
pure, which had become polluted by spreading sewage on a portion of the
land, also by percolation from the cemetery : the underground flow from the
neighbourhood of the cemetery and the scwage works was in the direction
of the well.

An epidemic occurred at New Herrington, Durham,” in April 1889: 275
cases were reported between lst April and 7th June, when the epidemic
may be said to have ceased. The cause was traced by the late Dr Page to
the pollution of a deep well (330 feet) by the overflow from a tank containing

1 Dr Seaton’s Report on Tottenham (lReport of Medical Officer to the Privy Council for 1866,
5.0215); Dr Thorne’s report on Terling ({bid., p. 41); Buchanan's Report on Wicken-

mant (12th Report, p. 72). In all these instances the evidence reaches the highest degree of
gergbabﬂity, and in the cases of Guildford and Wicken-Bonant of almost absolute certainty.

also Report on Sherborne by Dr Blaxall ; on Caius College, Cambridge, by Dr Buchanan

(both in No. ii., new series) ; on Lewes, by Thorne (No. iv., new series) ; also the case of
Over-Darwen (Sanitary Record, 1875); case given by Dr Stallard (Lancet, Feb. 1872) ; Dr
Barclay’s Reports on Bangalore (Army Med. Reports, vol. xiii. p. 208).

3 Lancet, June ]8722 8 787.

3 R of Medical Officer to Privy Council, 1867.

¢ Wilson's Hygiene, p. 238.
8 See Report by Dr ’lyhorne; also A.M.D. Reports, vol. xx. p. 222.
¢ Transactions San. Institule, vol. viii. p. 254.

n. p. 254.
7 Local Gov. Board Report, by Dr Page, Sept. 1889.
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A very large number also of the susceptible persons who drink the water
are affected.

2. Will decomposing sewage in water produce enteric fever, or must the
evacuations of an enteric patient pass in? This is part of the larger
question of the origin and propagation of specific poisons. It is certainly
remarkable, in the range of cases recorded by Schmitt, how uniformly the
possibility of the passage of enteric stools is disregarded. Everything is
attributed to fecal matters merely. A case recorded by Dr Downes,! in
which six cases of enteric fever resulted from the overflow of non-enteric
sewage into a well, supports this view. On the other hand, in some of the
cases recorded,® contaminated water had been used for some time without
producing enteric fever. Persons affected with enteric fever then entering the
place, their discharges passed into the drinking water, and then an outbreak
of enteric fever followed. An extremely strong case is given by Ballard.?
Very polluted water had been used for years by the inhabitants of the village
of Nunney without causing fever, when a person with enteric fever came
from a distance to the village, and the excreta from this person were washed
into the stream supplying the village. Between June and October 1872 no
less than 76 cases occurred out of a population of 832 persons. All those
attacked drank the stream water habitually or occasionally. All who used
filtered rain or well water escaped, except one family who used the water of
a well only 4 or 5 yards from the brook. The case seems quite clear—first,
that the water caused the disease ; and secondly, that though polluted with
excrement for years, no enteric fever appeared until an imported case
introduced the virus. Positive evidence of this kind seems conclusive,
and we may now safely assume that the presence of enteric evacuations in
the water is necessary. Common fecal matter may produce diarrheea,
which may perhaps be febrile, but for the production of enteric fever the
specific agent must be present. The opinion that the stools of enteric fever
are the special carriers of the poison was first explicitly stated by Canstatt,’
and was also ably argued by W. Budd.

Cholera.

Few of the earlier investigators of cholera appear to have imagined that
the specific poison might find entrance by the means of drinking water.
There is an intimation of the kind in a remark by Dr Miiller ;¢ and Jame-
son 7 alludes to the effect of impure water, but in a cursory way.

In 1849 the late Dr Snow, in investigating some circumscribed outbreaks
of cholera in Horsleydown, Wandsworth, and other places, came to the
conclusion that, in these instances, the discase arose from cholera ecva-
cuations finding their way into the drinking water. Judging from the

1 Lancet, 27th April 1872,

2 Archiv der Heilk., vol. xii. p. 134 (1871).
18; 2Report to the Local Government Board on an outbreak of enteric fever at Nunney, Sept.

¢ A instance is given by Mr R. Bond-Moore (London Medical Record, May 27, 1874,
{:g:m ), a8 occurring at Sedgely Park School. Two years previously the water-supply

e contaminated with ordinary sewage, but no enteric fever resulted, although there was

diarrhcea, sickness, great languor, and great prostration. The leaking drain was repaired,
and the attack ceased. Two years after enteric fever was introduced by one of the boys, and
spread apparently by the use of the closets.

°h‘;;V" fheiﬁtl:dc sind bl‘ile Exl(:ialnt'li;:;n d.f’ l(\')ra.nkes, seine I(‘I:xcremente, vieplktch’hl di;
¢ Aftergebilde im Darme, die Triiger des Contagiums.”—Canstatt, Spec. Path. un

., 2nd edit., band ii. p. 582 (1847). ’
6 iim‘ge Bemerkungen iiber die Asiat. Cholera, Hanover, 1848, p. 36.
7 Bengal Report of 1820,
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light of subsequent experience, it now seems extremely probable that this
was the case, and to Dr Snow must certainly be attributed the very great
merit of discovering this most important fact. At first, certainly, the evi-
dence was defective,! but gradually fresh instances were collected, and in
1854 occurred the celebrated instance of the Broad Street pump in London,
which was investigated by a committee, whose report, drawn up by Mr John
Marshall, of University College, with great logical power, contains the most
convincing evidence that, in that instance at any rate, the poison of cholera
found its way into the body through drinking water.2

In 1855 Dr Snow published a second edition of his book, giving an
account of all the cases hitherto known, and adding some evidence also as to
the introduction in this way of other specific poisons.®

The facts, at present, may be briefly summed up as follows :—

1. Local outbreaks, in which contamination of the drinking water was
either proved or in which the evidence of the origin and succession of cases
seemed to make it certain that the cause was in the drinking water. In
England, Dr Snow and others have thus recorded cases occurring in 1849
and 1854 at Horsleydown, Broad Street, Wandsworth, West Ham, &c. In
1865 occurred the important outbreak at Newcastle-on-Tyne,4 when all the
circumstances pointed very strongly to the influence of the impure Tyne water.
In 1865 also was the remarkable and undoubted case of water-poisoning at
Theydon Bois, recorded by Mr Radcliffe,’ and in the following year the
violent outbreak in the East of London was supposed to be connected with
the circulation of impure water by jthe East London Water Works Com-
pany. Much discussion has taken place as to the real influence of the
impure water, which it is admitted on all hands was used. Mr Radcliffe ¢
and Dr Farr? collected the evidence in favour of the opinion that the
sudden outburst was really owing to this water; while Dr Letheby and
some others expressed doubts on this point, chiefly on account of the diffi-
culty of reconciling with the hypothesis certain exceptional cases both
of immunity and of attack. The evidence in favour of the water being the
cause appears extremely strong, and far greater difficulty arises if that view
is not received than is caused by the exceptional cases referred to, of which
we may not know all the particulars. In the same year (1866) an ap-
parently unequivocal case of production of cholera by the drinking of water
of a tank on board a steamer occurred at Southampton.8

1 There seemed at once an a prior: argument adverse to this view, as, at that time, all evi-
dence was against the idea of cholera evacuations being capable of causing the disease. They
had been tasted and drunk (in 1832) by men, and been given to animals without effect.
Persons inoculated themselves in dissections constantly, and bathed their hands in the fluids
of the intestines ; in India the mehters who remove excreta, and everywhere the washerwomen
who washed the clothes of the sick, did not especially suffer. And to these arguments must
be added the undoubted fact that there were serious deficiencies of evidence in Dr Snow’s
early cases. (See review of Dr Parkes in the British and Foreign Medical and Chirurgical
Review, April 1855.)

2 Report on the Cholera Outbreak in St James's, Westminster, in 1854, London, Churchill,
1855. "Every point is discussed in this Report with a candour and precision which leaves
nothing to {)e desired. For further evidence on this outbreak see /ndian Sanitary :
evidence of Dr Dundas Thomson, p. 272.

3 On the Mode of Communication of Cholera, by John Snow, M.D. London, Churchill,
2nd edition, 1855. )

4 For full particulars see Dr Farr’s Report on Cholera in England, 1866, p. 33.

5 Report of the Medical Officer to the Privy Council for 1865 (Eighth Report), p. 438,

8 Report of the Medical Officer to the Privy Council for 1866, r 266.

7 Report on the Cholera Epidemic of 1866 1n England. Supplement to the 29th Annual
Report of the Registrar-General, 1868.

8 Report of Medical Officer to Privy Council for 1868, p. 244. In this case the water was
foul-tasted, and was certainly contaminated with sewage.
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A very striking case at Utrecht is noticed by Snellen, and is given by
‘Dr Ballot of Rotterdam, who has adduced much strong evidence on the
influence of the foul water in Holland in spreading cholera.!

During the epidemic in 1866, except in the East London case, no such
striking instances of local outbreak from water contamination were recorded
as in 1849, but there were in some parts, and especially in Scotland, as
noticed by Dr Stevenson Macadam,? very striking coincidences between
the :lzbatement, of the disease and the introduction of a fresh and pure
supply.

In Germany choleraic water-poisoning has not only been less noticed, but
the great authority of Pettenkofer is against its occurrence. At Munich,
Pettenkofer 3 could find no evidence whatever in favour of the spread by
water, nor does he consider that any further evidence was furnished by the
epidemics in Germany in 1873-74.4 Hirsch, while he admits that there are
many well-known observations which make it probable that some connection
exists between an outbreak of cholera and the use of infected water, finds
that any exact proof that this connection is a direct one is not fortheoming ;
inasmuch as the foulest water may act injuriously, in a general way, through
the putrescible matter it contains, and only heighten the predisposition of
the individual for the specific attack of sickness.® Giinther, in his careful
work on Cholera in Saxony,® asserts that no influence whatever was exerted
by drinking water. No evidence could be obtained either in Baden or in
villages near Vienna.” And as in all cases the observers were not only quite
competent, but were fully cognizant of the opinions held in England, this
negative evidence is of great weight. At the same time, it cannot be
allowed to outweigh the English cases, and, moreover, even in Germany
some positive evidence has been given. Dr Richter? attributes a prepon-
derant influence in a local outbreak among the workmen of a sugar manu-
factory to the pollution of the drinking water by sewage ; and a still more
striking case is recorded by Dr Dinger,? in which the discharges of a cholera
patient passed into a brook, in which also the clothes were washed ; the
water of this brook being used for drinking, there was a sudden and very
fatal outbreak affecting the persons who took the water.

In India the evidence for cholera water-poisoning has now become very
strong. The great cholera outbreak of 1860 and 1861 was attributed by
some medical officers to the defilement of the tank water “into which the
general ordure of the natives is washed during the rainy season ;”10 and still
more recently, what appears to be a striking instance has occurred.. No
one can read the able account given by Dr J. M. Cuningham and Dr

1 Medical Times and Gazette, May 1869. Thus it was found that those who drank the
water of the Polders (reclaimed lands) died at the rate of 17°7 per 1000 ; those who drank the
well-water, 168 per 1000 ; those who drank river-water, 119 per 1000 ; those who drank rain-
water filtered, only 53 per 1000. The city of Amsterdam itself, supplied by an aqueduct
with rain-water from the downs near Haarlem, had only 4 per 1000. In Rotterdam, during
the epidemic, the mortality fell to one-half immediately on pure water being supplied in the
streets. (See paper bLJ. C. Juger.)

3 Transactions of the Royal Scottish Society of Arts, vol. vii. p. 341 (1867).

3 Zeitsch. fiir Biol., band i. p. 353.

4 Ueber Cholera und deren Beziehung zur parasitdren Lehre, von Max von Pettenkofer,
1880.

3 Op. cit., vol. i. p. 492,

8 Die indische Cholera in Sachsen im Jahre 1865, p. 125. .

7 Volz and Witlacil, (iuowl by Hirsch in Jakresb. der gen. Med. for 1867, band ii. p. 221.
8 .rchiv der Heilk., 1867, p. 472.

¥ Archiv der Heilk., 1867, p. 84.

10 M‘William, Epidem. Society Trans., vol. i. p. 274.



72 WATER.

Cutliffe! of the appearance of cholera among the vast crowd of pilgrims
after the great bathing day at Hurdwar, without coming to the conclusion
that it was a case of water-poisoning on a gigantic scale. Cholera broke out
again at Hurdwar in 1879 (the pilgrimage takes place every twelve years),
but in his report on this epidemic Dr J. M. Cuningham endeavours to
throw doubts upon the propagation by means of water. The circumstances,
however, were very similar in the two cases.2 Drs T. Lewis and Douglas
Cunningham discredit the influence of water;3 and Dr D. Cunningham
says : 4—“One point seems worthy of remark, and that is, that there is no
evidence of the existence of any common condition affecting local sources of
water-supply, and simultaneously affecting the prevalence of cholera and
bowel-complaints.”

That in India, however, the cholera poison is often carried by water
appears probable, not only from the Hurdwar outbreaks, but from the very
sudden and violent outbreaks and the great sewage contamination in the
water of many districts.’

In Central India Dr Townsend ® has given strong reasons for believing
that the cholera of 1863-69 was, to a large extent, dependent on water-
fouling. Mr Macnamara” has given some good evidence on the same side,
and Dr Cleghorn 8 has noted some striking proofs of the same fact.

See also the remarkable case of the Yerrauda jail, reported by Surgeon-
Major H. Blanc. Out of 1279 prisoners there were 24 cases of cholera in
5 days, with 8 deaths. Of those, 22 cases occurred among 134 prisoners
employed as a road-gang, and only 2 among all the others variously
employed. It was shown that the road-gang alone drank of water from the
Mootla River, a little below the spot where the clothes of two cholera
patients from the village had been washed and their bodies burned a few
days before. The rest of the prisoners drank the usual water-supply laid on
from a lake near Poonah. In the two cases among those otherwise employed
direct infection was undoubted in one, as he attended on cholera patients, and,
contrary to orders, took his meals in the cholera ward, and drank water that
had been standing there; the other man slept near one of the first cases,
the patient vomiting in his immediate vicinity.

Dr M. C. Furnell, Sanitary Commissioner of Madras, points out the
immunity of Madras from cholera since the new water-supply was obtained
from the Red Hills, the same immunity extending to the districts using
the water, whereas other places which do not use it still suffer from the
disease. Guntur always suffered from cholera up to 1868, since which time
it has heen practically free, following the greater care for the water-supply
begun by Dr Biggwither and carried out by Dr Tyrrell.? A remarkable
case is recorded by the Rev. J. Delpech, at Vadakencoulam.l® Cholera was
confined to the higher castes, who drank of a particular well exposed to
contamination. Among the lower castes none suffered, except one woman

stReport of the Sanitary Commissioner with the Government of India for 1867, Calcutta,

2 See section vi. of the Sixteenth Annual Report of the Sanitary Commissioner with the
Government of India, 1880.

3 Cholera in Relation to Certain Physical Phenomena.

4 Medico-Topographical Report on Calcutta.

5 Vide Report on the Sanilary Administration of the Punjaub for 1867. aud subsequent
years, by A. C. C. De Renzy, Esq. (Cases of Peshawur and Amritzur).

8 Report on Cholera in the Central Provinces.

7 On Asiatic Cholera, see p. 328 et seq.

8 Indian Medical Gazette, March 1872

9 Indian Medical Gazette, April 1882,

10 Indian Medical Gazette, Dec. 1879.
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who washed for the higher caste women. The lower caste people drank
from other wells, which were less exposed to pollution.

Calcutta showed a greatly diminished cholera mortality, when the new
water-supply was furnished in 1870. The subsequent increase in cholera
was due to the scarcity of the new supply necessitating the use of “tank”
water.!

So also in other countries ; in the attack which caused such losses to the
French Division in the Dobrudscha in 1855, when the wells were supposed
to be poisoned, and to the English cavalry at Devna,® the water was
apparently the means of carrying the disease.

In evidence of this kind, we must remember that each successive instance
adds more and more weight tv the instances previously observed, until, from
the mere accumulation of cases, the cogency of the argument .becomes
irresistible.

2. The evidence derived from such local outbreaks is supported by that
drawn from the history of more general attacks, in which districts supplied
with impure water by a water company have suffered greatly, while other
districts in the same locality, and presenting otherwise the same conditions,
were supplied with pure water, and suffered very little. Thus, SirJ. Simon
showed that in the district supplied in 1853, part by the Lambeth Company
with a pure water, and part by the Southwark Company with an impure
water, the population drinking the Lambeth supply furnished 370 cases per
100,000, while those using the Southwark Co.’s water furnished 1300
cases per 100,000 ; all other circumstances except the water-supply being
identical.® Schiefferdecker, in Konigsberg, has also given evidence to show
the different extent to which districts in the same city supplied with pure
and impure water suffer.t

In Berlin, in 1866, in the houses supplied with good water, the number
of houses in which cholera occurred was 366 per cent. ; in the houses with
bad water, 52-3 per cent.’

3. Additional arguments can be drawn from instances in which towns
which could not have had water contaminated with sewage have escaped,
and instances in which towns which have suffered severely in one epidemic
have escaped a later one, the only difference being that, in the interval, the
supply of water was improved. Exeter, Hull, Newcastle-on-Tyne, Glasgow,
and Moscow are instances of this. Two very good cases are related by Sir
H. Acland.® The parish of St Clement was supplied in 1832 with filthy
water from a sewer-receiving stream. In 1849 and 1854 the water was from
a purer source. In the first year, the cholera mortality was great; in the
last years, insignificant. In Copenhagen a fresh water-supply was intro-
duced in 1859. Although cholera had prevailed very severely there pre-
viously, in 1865 and 1866 there were only a few cases.” In Haarlem, in
Holland, cholera prevailed in great intensity in 1849. In 1866 it returned,
and again prevailed as severely in all parts of the town except one. The
part entirely exempted in the second epidemic was inhabited by bleachers,
who, between 1849 and 1866, had obtained a fresh source of pure water.8
In the last epidemic in Spain (1885), Malaga, Seville, and Toledo drew

‘ Practitioner, vol. xli., 1888, pp- 145 and 383.
2 M8, essay of Dr Cattell.
3 Simon, Public Health Reporta vol. i. p. 414.
4 See Report on Hygiene, Army Med. Dept. Report, vol. xii. p. 241.
3 Die Kanalisation von Berlin, 1868“})
8 Cholera in Ozford in 1854, by H Acland M.D,, p. 51.
7 Hornemann in Virchow's A rchiv, band 53, p. 156.
8 Ballot, British Med. Journal, April 1869.
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water from pure sources, and had little cholera ; on the other hand, Granada,
Zaragoza, and Aranjuez derived water from open canals, and suffered
severely.

In looking back, with this new reading of facts, it would seem that some
older reported cases of sudden cessation of cholera can be explained, such as
the case of Breslau in 1832, when the shutting up of a pump was followed
by the very rapid decline of the disease. Doubtless, however, in other
cases the causes of the cessation are different ; heavy rain, by cleansing air
and sewers, and by stopping the evolution of effluvia, will sometimes as
suddenly arrest cholera. Most important evidence is given by Professor
Forster of Breslau.! He shows that five towns of Silesia (of 5000 to 12,000
inhabitants) have been entirely free from choléra, which has never spread,
even when introduced. The only common condition is a water-supply from a
distance which cannot be contaminated. In Glogau (13,000) half the water
is from a distance and half from wells: those using the former remain free,
those using the latter are attacked. In one case in Breslay, on a well
becoming contaminated, eleven persons were immediately attacked. Dr A.
Fergus? has pointed out that in Glasgow, when the whole city was supplied
from the river, cholera was universal in 1848 ; whilst in 1854 it was chiefly
confined to the north side, which still drew water from the river, the south
side with a pure water-supply being practically free from it. In 1866 the
whole city had the pure Loch Katrine supply, and although cases of cholera
were imported, it got no hold on the city whatever.

So also other curious facts in the history of cholera become explicable.
The prevalence of cholera in Russia, with an outdoor temperature below
zero of Fahr., has always seemed an extraordinary circumstance, which it
appeared only possible to explain by supposing that, in the houses, the foul
air and the artificial temperature must have given the poison its necessary
conditions of development. But Dr Routh has pointed out3 that, in the
poorer Russian houses, every thing is thrown out round the dwellings ;
then, owing to the cold and the expense of bringing drinking water from a
distance, the inhabitants content themselves with taking the snow near
their houses and melting it. It is thus easy to conceive that, if cholera
-evacuations are thus thrown out, they may be again taken into the body.
This is all the more likely, as cholera stools have little smell or taste, and
when mixed even in large quantity with water, cannot be detected by the
senses.

We may therefore conclude that the cholera evacuations, either at once
or after undergoing some special fermentative or transformation change,
pass into drinking water or float about in the atmosphere. In either case
they are received into the mouth and swallowed, and produce their effects
directly on the mucous membrane, or are absorbed into the blood. The
relative frequency of each occurrence, the incubative period, and the severity
of the disease produced, are points still uncertain.

C. Macnamara states* that the dangerous period is when the water into
which cholera stools are passed is swarming with vibriones, and that when
ciliated infusoria appear danger is over. He speaks strongly on this point,
and from actual experience.

Assuming that the comma bacillus deseribed by Koch, and found by him
to be present in the drinking-water tanks in Calcutta, is the actual cause of
cholera, the objection that this bacillus would probably be destroyed in a

! Die Verbreitung der Cholera durch die Brunnen, Breslau, 1873.
3 British Medical Joumal! 1879, vol. ii. p. 336.
3 Fuacal Fermentation, p. 24. 4 Asiatic Cholera, p. 330.
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short time by the putrefactive organisms present in such water, loses its force
when it is considered that, owing to the habits of the people, the infectious
matter has every chance of being imbibed by other persons almost imme-
-diately after it reaches the water.

In addition to the production of cholera from drinking water containing
the cholera stools, it has been supposed that the use of impure water of
any kind predisposes to cholera, though it cannot absolutely produce the
disease. The facts already quoted on the influence of the Lambeth water
seem to support this view ; but some German evidence in 1866 does not
favour it,! although later evidence seems to do so.2 If the water acts in
this way, it may be by causing a constant tendency to diarrhcea, or by carry-
ing into the alimentary canal organic matter which may be thrown into
special chemical changes by a small quantity of cholera poison, which has
been introduced with air or food and swallowed, or by lowering the resistance
-of the body, and rendering it more favourable as a nidus for the poison.

Yellow Fever.

As, like dysentery, enteric fever, and cholera, the alimentary mucous
membrane is primarily affected in yellow fever, there is an a priort proba-
bility that the cause is swallowed also in this case, and that it may possibly
enter with the drinking water. But no good evidence has been yet brought
forward.

The Barrack Commissioners have directed attention to the fact of the
great impurity of the water at Gibraltar at the time of the yellow fever
epidemic ; a difficulty which still remains to be dealt with in the event of
the introduction of any epidemic disease.

The other Zymotic Diseases.

Of the other zymotic diseases the only ones likely to be propagated by
means of water are scarlet fever and diphtheria. The evidence for such
propagation was formerly very slight, but since attention has been drawn to
the subject numerous cases have occurred which have been attributed to
water-poisoning, working either directly through water drunk as such or
by its being mixed with milk.® There seems no primd facie reason against
such a channel of infection in the case of scarlet fever, particularly as
epithelium scales are so often found in contaminated water. As regards
diphtheria the question is a little more complicated, for the direct com-
munication through the use of the same drinking vessel might simulate
water carriage, as pointed out by Dr A. Downes.* Some important evidence
has, however, been collected by Dr B. Browning’ and others. It would
also appear that ordinary throat ulcer (if this be really different from diph-
theria) may be propagated in this way.

3. DISEASES OF THE SKIN, AND SUBCUTANEOUS TISSUES.

A curious endemic of boils occurred in the vicinity of Frankfort in 1848,

1 See Report on Hygiene, Army Medical eport, vol. vii, ? 325.

2 Pistor of Oppeln, Cholera Epidemic of 187 74 see 6th part of the Report of the Cholera
Commissioners Q;e the German Empire.

3 «On the Connection between Milk Supply and Disease,” by A. M. Davies, Provincial
Medical Journal, 1889.

4 Sanitary Ra:ord, 1879-80, vol. xi. p. 51.

5 Sunitary Record, vol. xi. p. 13.



76 WATER.

It was confined to a small number of persons, and presented favourable
opportunities for investigation. An elaborate inquiry was made by Dr
Clemens,! which certainly seems to indicate that the complaint was caused
by drinking water containing hydrogen sulphide gas, which was set free in
some large chemical works, and was washed down by the rains into the
brooks from which drinking water was derived. The case is most elaborately
and logically argued, but it certainly seems remarkable that other instances
of the same kind should not have been observed, especially as in some
trades there is disengagement of large quantities of SH, into the atmosphere,
and as the drinking of sulphuretted springs is so common.

The peculiar forms of boil or ulcer common in many cities in the East
have been in some cases referred to the water. The Aleppo evil, the
Damascus ulcer, and some other diseases of an analogous kind, which have
the peculiarity of occurring only once in life, are possibly more connected
with the true contagions; but the unhealthy boils or ulcers so common in
India, especially in the north-west and along the frontier, are probably
connected with bad water. The so-called Delhi boil has much decreased in
frequency since the waters of the Jumna were used instead of the impure
well-water,? but, on the other hand, Fleming’s observations have thrown
doubt on the fact of the water being to blame. According to Lewis and
Cunningham,® there is an immediate connection between the occurrence of
the disease and the nature of the water-supply : excessive hardness and the
presence of large quantities of salts are the prominent features in the bad
water at Delhi, the use of which appeared to cause the disease. Hirsch,*
however, is not satisfied with thie explanation; but thinks that the disease
may be parasitic, and may be conveyed in the course of washing with
infected water. With regard to the frontier ulcers in India, Dr Alcock,
Medical Staff, has given some curious evidence, which seems to connect
them with vegetable detritus and the evolution of hydrogen sulphide.®

The elephantiasis of the Arabs (the so-called Barbadoes leg or Pachy-
dermia) has been ascribed to organic impurities in water.

4. CALCULL

It has long been a popular opinion that drinking lime waters gives rise to
calculi (calcium phosphate and oxalate). Several medical writers have held
the same opinion, and have adduced individual instances of calculi (phos-
phatic?) being apparently caused by hard waters, and cured by the use of
soft or distilled water. On a large scale, statistical evidence is apparently
wanting. The excess of cases of calculi in Norwich and Norfolk generally
is not, in Dr Richardson’s opinion, attributable to the water.6 DrJ. Murray,
of Newcastle, has given some evidence? to show a connection between the
lime waters and calculi, especially phosphatic, but it does not appear to be
more convincing than that previously adduced.

At Canton stone is common, while at Amoy, Shanghai, Ningpo, and
other places, it is not met with. The cause of the difference is not known,

1 Henlé's Zeitschrift fir Nat. Med., 1849, vol. viii. p. 215.

2 See Annual of San. Com. with the Government of India for 1867, 1;1178 (1888).
Some excellent analyses of the Delhi waters are given % Dr Sheppard ; vide Dr Macnamara’s
Second and Third Reports of the Analyses of Potable Waters in the Bengal Presidency, Cal-
cutta, 1868. See l\aper by Dr Fleming, A.M.D. Report for 1868, p. 390.

3 Op. cit., pp. 418-417.

4 Op. cit., vol. iii. p. 675.

8 Med. Times and Qazette, 1870, p. 384,

8 Med. History of England : Medical Times and Gazette, 1864, p. 100.

¥ British Medical Journal, September 1872,
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Gottre and Cretinism in Kumaon (Oude).

N Percentage of Population affected.
Water derived from With Goltre, With Cretinism.
Granite and gueiss, . . . . . 0-2 0
Mica, slate, and hornblende, . . . 0 0
Clay slate, . . . . . . . 054 0
Green sandstone, . . . . . 0 0
Limestone rocks, . . . . . 33 30

There are, however, not wanting analyses of water of goitrous regions
which show that magnesia may be absent (in Rheims, according to Maumené ;
in Auvergne, according to Bertrand ; in Lombardy, according to Demortain ;
and Saint-Lager enumerates other cases), while it has been also denied that
there need be any excess of lime. M. Saint-Lager, basing his opinion partly
on these negative instances, partly on his own experiments with the soap-
test, which show no relation between hardness of water and goitre, and
partly on the negative results of experiments on animals with calcium
sulphate and magnesian salts, denies altogether the connection between
goitre and calcium and magnesium sulphates and carbonates. He states
also that M. Grange has now himself given up the belief of magnesia being
the essential agent of goitre,! and argues that the constituent of the water
which is the actual cause is either iron pyrites, ferric disulphide, or less fre-
quently copper or some other metallic sulphide. And he explains M‘Clel-
lan’s results by the supposition, based on an expression of that writer, that
in the limestone districts of Kumaon the water had traversed the metalli-
ferous strata of the rocks. Saint-Lager does not support his opinion by
actual chemical analyses, but he brings forward geological evidence on a
large scale to prove that the endemic appearance of goitre coincides with the
metalliferous districts. He has also made experiments on animals with iron
salts which do not appear conclusive, although he believes he produced in
some cases an effect on the thyroid. His hypothesis seems to fail from his
want of chemical analyses. He has made out a case for inquiry rather than
for conclusion.

Arnould states 2 that Saint-Lager has abandoned the iron sulphide theory
of causation. Various obhservers have suspected the presence of some
organic substance, or substances, in goitrous waters, analogous possibly to
the poison of malaria.

In some observations made by Dr Ferguson on the goitrous part of the
Bari Doab district® (a boulder-gravel subsoil), the water is said to be
largely charged with lime. In the jail at Durham, Johnston* states that
when the water contained 110 parts per 100,000 (chiefly of lime and
magnesium salts) all the prisoners had swellings of the neck; these dis-
appeared when a purer water, containing 26 parts per 100,000, was ob-
tained.5

Goitre may be rapidly produced. Bally noticed that certain waters in

1 Sur les causes du Cretin. et du Goilre, p. 237.

2 Op. cit., p. 196,

3 Sanitary Administration of the Punjaub for 1871, Appendix 4, p. 33.

4 Edwn. Monthly Journal, May 1855.

5 In Nottingham the people attribute goitre to hardness of water. Generally it appears
only with magunesium limestone.
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Switzerland would cause it even in eight or ten days, and cases almost as
rapid have occurred in other places.!

Dr J. B. Wilson carried out some inquiries at Bhagsu, Dhurmsala,
where goitre prevails extensively. He analysed specimens of the drinking
water within a radius of ten miles, and found them exceptionally pure, only
three showing traces of lime, and none giving any evidence of magnesia or
iron.2

It seems, therefore, that the question is still undecided, and it is much to
be desired that more extended inquiry should be made, with careful analyses,
such as have been made by Dr Wilson,—as well as records of local and
other conditions, which probably contribute more or less to the production
of the disease.

6. ENTOZOA OR OTHER ANIMALS.

‘Whereas the Z'enia solium and the Tenia mediocanellata, and many
entozoa, find their way into the body with the food,? the two forms of the
Bothriocephalus latus (T. lata) may pass in with the drinking water.t
Both embryo and eggs (but principally, or perhaps entirely, the former)
exist in river water. The ciliated embryo moves for several days very
actively in water; it may after a time lose its ciliary covering, and then,
not being able to move further, perishes; or it may find its way into the
body of some animal, and there develop into the Bothriocephalus latus. 1t
is mostly indigenous to the sea coast and to the shores of lakes and other
inland water.

It is most common in the interior of Russia, Sweden, in part of Poland,
and in Switzerland.

Distoma hepaticum (Fasciola hepatica).—The eggs are developed in water,
and the embryos swim about and live, so that introduction in this way for
sheep is probable, and for men is possible.

The Ascaris lumbricoides (Round-worm) appears also sometimes to enter
the body by the drinking water. At Moulmein, in Burmah, during the wet
season, and especially at the commencement, natives and Europeans, both
sexes and all ages, were, in former years, so affected by lumbrici that it
was almost an epidemic.® The only circumitance common to all classes
was that the drinking water, drawn chiefly from shallow wells, was greatly
contaminated by the suhstances washed in by the floods of the excessive
monsoon which prevails there. Dr Paterson ¢ has also noticed similar facts
in England.

Leuckart 7 has no doubt of the passage of the Ascarides’ eggs into drinking
water ; and, indeed, they have heen actually seen in the water by Mosler.8

1 Many instances are recorded in the French military medical journal, Recueil de Mém. de
Méd. M., of the acute goitre produced in a few days.

3 Indian Annals of Medical Science; also Aitken’s Science and Practice of Medicine, 7th
edit., vol. ii. p- 1009.

3 Dr Oliver's observations in India show that cattle may get {@nia ova from the water ; so
that men may do the same. (See Aitken’s Med., 7th ed., vol. i. p. 207.)

¢ See especially a paper by Dr Knoch in the Petersburger Med. Zeitsch. for 1861. An
abstract is given in the Lancet, Jan. 25, 1862 ; and the lExaper in full is printed in Virchow's
Archiv, band xxiv. 463. Cobbold, however, doubted the direct entrance in this way, and
thought it more probable that fish form the kost for the ova, which after development in the
tish, may tind their way into the bodies of men who eat the fish.

5 The native treatment is the powder of a fungus (Wah-mo), derived from the female
bg;ngboo. It is most useful. See paper by Dr Parkes in the London Journal of Medicine,
1849,

¢ Aitken's Practice of Medicine, Tth ed., i. p. 157.

7 Die Menschlichen Parasiten, band ii. p. 220,

8 Virchow's Archiv, band xviii, p. 249.
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Leeches.—Reference has already been made to the swallowing of small
leeches, which fix on the pharynx, and in the posterior nares. Cleghorn!
noticed that coughs, nausea, and spitting of blood were thus caused. Ina
march of the French near Oran, in Algiers, more than 400 men were at one-
time in hospital from this cause. In some cases the repeated bleedings
from the larynx have simulated hemoptysis and phthisis, and have pro-
duced anemia. A leech, once fixed, seldom falls off spontaneously. In
India no accidents of this kind are on record, yet we must assume that they
occasionally occur.

7. LEAD, MERCURY, ARSENIC, COPPER, AND ZINC POISONING.

The question of lead poisoning by drinking water has already been con-
sidered. It is only necessary to mention the fact of metals passing into
the drinking water, either by trade refuse being poured into streams, or by
the water dissolving the metal as it flows through pipes or over metallic
surfaces.?

In 1864 a factory at Basle discharged water containing arsenic into a
pond, from which the ground and adjacent wells were contaminated, and
severe illness in the persons who drank the well-water was produced.®

8. OTHER DISEASES.

A ffections of other Mucous Membranes besides the Alimentary.—Little has
yet been done to trace out this point. At Prague, after the severe flood of
1860, bronchial catarrh was frequent, probably caused chiefly by the chills
arising from the great evaporation ; but it was noticed that bronchial catarrh
was most common when the drinking water was foulest and produced
dysentery. Possibly the bronchial and the urinary mucous membranes may
also suffer from foul water; the point is well worthy of close investigation.

Drseases of the Bonmes.—Water, impregnated with sulphurous acid, gives
rise in cattle to a number of serious symptoms, among others to diseases of
the bones. The sulphur dioxide evolved from the copper works at Swansea
has caused numerous actions on account of the loss of herbage and cattle.
Rossignol ¢ states that water highly charged with calcium carbonate and
sulphate was found to give rise to exostoses in horses; pure water being
given, the bones ceased to be diseased.

General Conclusions.

1. An endemic of diarrhcea, in a community, is almost always owing
either to impure air, impure water, or bad food. If it affects a number of
persons suddenly, it is probably owing to one of the two last causes: and if
it extends over many families, almost certainly to water. But as the cause
of impurity may be transient, it is not easy to find experimental proof.

2. Diarrhcea or dysentery, constantly affecting a community, or returning
periodically at certain times of the year, is far more likely to be produced
by bad water than by any other cause.

1 Diseases of Minorca, 1768, p- 38.

2 The amount of copper required to produce poisonous symptoms appears to be doubtful,
It is said that the miners in the desert of Attacama, in South America, prefer to use water
containing so much copper as to have a distinct green colour, rather than the water brought
up from the wells near the shore in skins, which give it an unpleasant taste. It is true iﬁat
it is used for making coffee, and may thus be to a certain extent purified.

3 Roth and Lex, Milit. Gmndaheimﬂ.:%g. 41.

4 Traité d'Hygiéne Militaire, 1857, p. 357.
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3. A very sudden and localised outbreak of either enteric fever or cholera
is almost certainly owing to introduction of the poison by water.

4. The same fact holds good in cases of malarious fever, and, especially
if the cases are very grave, a possible introduction by water should be care-
fully inquired into.

5. The introduction of the ova of certain entozoa by means of water is
proved in some cases—is probable in others.

6. Although it is not at present possible to assign to every impurity in
water its exact share in the production of disease, or to prove the precise
influence on the public health of water which is not extremely impure, it
appears certain that the health of a community always improves when an
abundant and pure water supply is given; and, apart from this actual evi-
dence, we are entitled to conclude, from other considerations, that abundant
and good water is a primary sanitary necessity.

SECTION IV.
PURIFICATION OF WATER.
Without Filtration.

1. Distillation.—This is undoubtedly the best plan, for if properly carried
out all danger is got rid of. It has been suggested that foul gases may
be brought over from dirty water, and that even bacteria or their spores may
be transmitted ; this is more than doubtful. An outbreak of diarrhcea among
H.M. ships in the harbour of Valetta was attributed to impurities in the
water distilled from the not over-clean water of the Grand Harbour. The
distilled water was also complained of as “going bad” very quickly in the
Soudan campaign ; but there the dirty water of the harbour of Suakim was
used, and in such a case there is great danger of the original water getting
in if the apparatus leaks or is in any way out of order. All distilled water
should be tested with a few drops of dilute nitric acid and silver nitrate ; if
no haze appears, then the water may be considered safe: all other waters
will give evidence of the presence of chlorine, by the formation of a precipi-
tate, turbidity, or haze according to the amount ; and so will distilled water
(so-called), if it has been contaminated during the process of distillation, or
by being received in vessels not perfectly clean.

2. Boiling.—This plan is next best to distillation : it gets rid of calcium
carbonate, iron in part, and hydrogen sulphide, and lessens, it is said,
organic matter. Tyndall’s experiments have shown that there are stages in
the life of bacteria during which they can resist almost any moist heat. But
as they soften before propagation a solution can be successfully sterilised
by repeated boilings, so as to attack the several crops of bacteria in their
vulnerable condition. Most fungus spores are killed by boiling. On the
whole we may take it that water, even only once boiled, is in all likelihood
safe, and, if repeatedly boiled at intervals, quite safe.

3. Exposure to Air in divided Currents.—This was a plan proposed by
Lind for the water of the African west coast more than one hundred years
ago, and frequently revived since. The water is simply poured through a
sieve, or a tin or wooden plate, pierced with many small holes, so as to
cause it to fall in finely-divided streams, or a hand-pump is inserted in a
cask of water, and the water is pumped up and made to fall through per-
‘orated sheets of tin. It soon removes hydrogen sulphide, offensive organic
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vapours, and, it is said, dissolved organic matter. The same plan has been
used in Russia on a large scale, the water being allowed to fall down a
series of steps, passing through wire gauze as it does so.

4. Aluminous Salts.—Alum has been used for centuries in India and
China to purify water from suspended matters. It does this very effectually
if there be calcium carbonate in the water; calcium sulphate is formed, and
this and a bulky aluminum hydrate entangle the floating particles and sink
to the bottom. The quantity of crystallised alum to be used should be
about 6 grains per gallon.!

If a sedimentous water is extremely soft, a little calcium chloride and
sodium carbonate should be put in before the alum is added.

5. Addition of Lime Water (Clark’s patent).—This really combines chemi-
cal with mechanical action. Lime water is mixed, by means of rakes or
fans, with the water to be purified, and by entering into combination with
the CO, in the water, the calcic carbonate is rendered insoluble, and thrown
.down as a precipitate : this acts mechanically in removing a large portion of
the organic matter, and, it is said, iron. The water is subsequently clarified
by being forced through a filter of stretched canvas, by which all solid
impurities are removed : it does not touch calcium and magnesium sulphate
or chloride.?

6. Sodium Carbonate, with boiling, throws down lime, and a little lead, if
present.

7. Maignen’s process consists in adding to the water a powder, called
anti-calcaire, containing chiefly lime, sodic carbonate, and alum. The alum
precipitates organic matter, whilst the sodic carbonate attacks the lime and
magnesia.

8. In Anderson’s process iron is used, either as spongy iron, or as scrap -
iron, the fragments being well agitated with the water. The action is pro-
bably due to the formation of carbonates of iron by the CO, in the water,
and on exposure to air, oxidation takes place, with precipitation (Lewes). .

9. Perchloride of Iron.—It has been found that the water of the Maas in
Holland, which is turbid from clay and finely suspended organic matters,
and gives rise in consequence to diarrhcea, is completely purified by per-
chloride of iron in the proportion of about 2} grains of the solid perchloride
to one gallon of water.® It is a powerful oxidising agent.

10. Immersion of Iron Wire and Magnetic Oxide of Iron (Medlock).—This
plan is said to decompose organic matter. Charcoal and ferric oxide are
sometimes mixed.

11. Addition of Potasstum or Sodvum Permanganate (Condy’s red fluid).—
Pure Condy’s fluid readily removes the smell of hydrogen sulphide and the
peculiar offensive odour of impure water which has been kept in casks or
tanks. If it forms a precipitate of manganic oxide, it also carries down
suspended matters ; but the formation of this precipitate is very uncertain.
The action on the dissolved organic matters will, of course, vary with the
nature of the substance; some of the organic matters, both animal and
vegetable, will be oxidised ; but in the cold it will not act upon the whole
of these substances, and some organic matters are not touched.

One objection to the use of the permanganate is that it often communi-

1 The headquarter wing of the 92nd Highlanders, going up the Indus in 1868, suffered from
diarrhea from the use of the water ; the left wing used alum and had no diarrheea. The
nglllgs wing then used it, and the diarrhcea disappeared.—/ndian Medical Gaz., Aug. 1869,
p. 168.

2 This plan has been carried out with great success on a large scale in the form known as
the Porter-Clark process, and also in a modified form by Messrs Atkins and others.

3 Chemical News, May 1869, p. 239.
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cates a yellow tint to the water, arising from suspended finely divided
peroxide of manganese. This is probably of no moment as far as health is
concerned, but it is unpleasant. Sometimes the addition of a little alum
will carry down this suspended matter ; boiling may be used, but often has
no effect. Sometimes nothing removes it but filtration.

The indications for the use of permanganate are these. In the case of
any foul-smelling or suspected water, add good Condy’s fluid, teaspoonful
by teaspoonful, to 3 or 4 gallons of the water, stirring constantly. When
the least permanent pink tint is perceptible, stop for five minutes; if the
tint is gone, add 36 drops, and then, if necessary, 30 more, and then allow
to stand for six hours; then add for each gallon 6 grains of a solution of
crystallised alum, and if the water is very soft, a little calcium chloride and
sodium carbonate, and allow to stand for twelve or eighteen hours.

12. Immersion or boiling of certasn Vegetables, especially those containi
tannin, such as tea,! kino, the Laurier rose (Nertum Oleander, which is also
rubbed on the inside of casks in Barbary), bitter almonds (in Egypt).

13. Charring the inside of Casks—This is an effectual plan, and Ber-
thollet considered it more effectual than the immersion of pieces of charcoal;
the charring can be renewed from time to time.

14. P. F. Frankland’s2 experiments seem to show that agitation with
small fragments of certain substances effectually purifies water from organisms.
Coke has a powerful influence.

To put these facts in another form :—

Organic matter is got rid of most readily by distillation, boiling, exposure
to air, agitation, especially with small fragments of charcoal, coke, or spongy
iron, alum, potassium permanganate, astringents.

Carbonate of lime, by boiling and addition of caustic lime. Various
powders are sold for softening water; they consist mainly of lime with a
little soda ; they remove temporary hardness, but very slightly affect the
permanent.

Iron, by boiling and lime water, and in part by charcoal.3

Calcium and magnesium sulphate and chloride cannot be got rid of, except
very partially. Mr Maxwell-Lyte has suggested the use of sodic aluminate
for this purpose, but experiments at Netley with it were not very satis-
factory.

It should be remembered that some water plants have a purifying effect,
apparently from the large quantity of oxygen they give out; and this takes
place sometimes though the water itself is green. )

With Filtration.

Sand and Gravel.—On a large scale, water is reccived into settling reser-
voirs, where the most bulky substances subside, and is then filtered through
gravel and sand, cither by descent or ascent, or both.

The London water companies usually employ a depth of 13 to 4} feet; in

1 In the north of China, and especially during winter, the water of the Peiho becomes very
impure, and contains, not only suspended matters, but dissolved animal matter in large quan-
tity, which gives the water a disagreeable offensive smell. The Chinese never drink it except
as tea, which is cooled with a lump of ice if it is desired to drink it cold. In this way they
secure themselves from all bad effects of this water (Friedel, Das Alima Ost-Asiens, p. 60).
The Europeans use alum and charcoal ; but these do not always entirely remove the taste,
The Tartars also use their *‘ brick tea” to purify the water of the steppes, which would other-
wise be undrinkable,

2 Proc. Roy. Soc., loc. cit. 3 Chevalier, Traité des Désinfect., p. 147.
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The fine white sand chosen carefully, well washed, and, if possible, heated
to redness before use, has hitherto been thought the best, but P. Frankland’s
experiments show that its power of arresting organisms is only moderate, and
much inferior to that of the ferruginous green sand.

Instead of sand and gravel, trap rock has been used. Even pulverised
bricks have some effect for a time (P. Frankland).

Sponge.—Sponge has a considerable effect in mechanically arresting
suspended particles, but very little on dissolved matters. It is itself an
organic substance, soon clogs, and ought not to be used.

Antmal Charcoal.—Pure animal charcoal (deprived, as far as possible, of
calcium phosphate and carbonate by washing or by hydrochloric acid) used
to be considered one of the best filtering materials. The particles of char-
coal should be well pressed together, and the passage of the water should
not be too quick. Contact with the water for about four minutes appears
sufficient. There is a large (and, if the layer of charcoal be deep enough,
complete) removal of suspended matters, both mineral and organic; water
even deeply tinged comes through a good charcoal filter very clear and
bright. So also dissolved mineral matters, including lead, are removed by
charcoal, its efficiency in respect to the latter being due to the contained
phosphates ; a white or grey phosphate of lead is formed, which coats the
charcoal ; when this appears white from the coating, its efficiency is lost.
As regards dissolved organic matters, these are entirely oxidised at first, but
the power of the charcoal is limited, and after a time it ceases to be efficient.

In experiments made with animal charcoal at Netley (by Drs F. de
Chaumont and J. L. Notter) it was found that it had a very rapid and
powerful effect upon dead or decomposing organic matter, but that it allowed
fresh organic matter, such as fresh egg albumin, to pass through to a very
large extent unchanged.2 This suggests serious considerations with reference
to the effect upon disease poisons. It was also found (as in Mr Byrne’s
experiments) that after a time the filtering action not only ceased, but that
the charcoal began to give back some of the organic matter it had removed.
The same result takes place if the water be left too long in contact with the
charcoal. Water filtered through charcoal, if it be kept for any length of
time, shows some evidence of low forms of organic life,—in some instances
a copious deposit forming. This may be due either to spores or germs pass-
ing through unchanged,® or to the phosphates yielded by the charcoal afford-
ing a favourable nutrient medium for germs absorbed from the atmosphere.
These conclusions have been fully confirmed by Dr P. Frankland’s# cultivation
experiments, in which he found that during the first twelve days the animal
charcoal effectually kept out all germs; but after a month the filtered water
was more highly impregnated (nearly five times) than the original water.
For these reasons it seems unadvisable to use charcoal for filtration on a large
scale, independent of the consideration of expense. The plan of placing
charcoal filters in water cisterns, now often practised, ought also to be given
up. The conclusions to be arrived at with regard to charcoal as a filtering
medium are these :—(1) It acts both chemically and mechanically, and is at
first both rapid and efficient. (2) With a good bulk of material, water may
be passed through nearly as rapidly as it can flow, and be well purified.
(3) Water must not be left in contact with the charcoal longer than is

1 A. H. Allen, Brit. Pharmac. Conference, 1889.

2 See Samtary Record, Oct. 1876, p. 288,nndA M.D. Reports, vol. xix. p. 170.

3 This appears the more probable. Minute diatoms were found in water which had been
ke?t for some months after bemg passed through Crease’s large filter tanks at Parkhurst.
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means of a short tube opening directly from this into the external air, the
carbon is kept aérated and more or less dry. There are no joints or fittings,
and the filter cannot get out of order. The medium at present employed is
manganous carbon (Doulton’s).

The Chamberland filter, used by Pasteur, consists of a cylinder of porce-
lain through which the water is forced. It renders water free from all
suspended matters, clear and bright, and (it is said) effectually strains off
organisms and their spores, but has little or no effect on the dissolved
constituents.!

Thé filters in the market in this country are very numerous, but the most
important are the following :—

1. Those containing animal charcoal, in granules or powder.

2. Animal charcoal, compressed into blocks by admixture with silica and

other substances.

3. Spongy iron filters.

4. Magnetic iron filters.

5. Those containing other substances of a nature chiefly mineral.

The essentials of a good filter are the following :—

1. That every part of the filter shall be easily got at, for the purposes of
cleaning, or of renewing the medium.

2. That the medium have a sufficient purifying power both as to chemical
action on organic matter in solution and arrest of organisms or their
spores in suspension, and be present in sufficient quantity.

3. That the medium yield nothing to the water that may favour the
growth of low forms of life.

4. That the purifying power be reasonably lasting.

5. That there shall be nothing in the construction of the filter itself that
shall be capable of undergoing putrefaction, or of yielding metallic
or other impurities to the water.

6. That the filtering materials shall not be liable to clog, and that the
delivery of the water shall be reasonably rapid.

The first of these conditions obviously sets aside all filters of the older,
and what used to be the usual, pattern, where only a small layer of filtering
material was present, which was cemented up, so as not to be reached with-
out breaking open the apparatus.

The second condition is fulfilled, so far as filtering power is concerned, by
a number of media, chiefly spongy iron, magnetic oxide, or carbide of iron,
and charcoal for a short time. Coke, sand, and some other substances arrest
organisms for some time, but do not affect the organic constituents chemi-
cally. With regard to bulk of material, this is fairly well attended to in
the filters where loose material is used ; but where solid blocks are employed
thed size is often quite incommensurate with the work they are called upon
to do.

The third condition is complied with by spongy iron, polarite, magnetic
oxide or carbide, and some other materials ; but (as before mentioned), not
by animal charcoal in the loose condition. As solid blocks, it seems to
yield less to water than in the granular condition.

The fourtk condition depends a good deal upon the relative degree of
impurity of the water. The spongy iron, polarite, and the magnetic oxide
or carbide, on the whole, last the longest.

1 8ome experiments at Netley (1889), however, have indicated that a new Chamberland filter
may materially diminish the dissolved organic matters, the albuminoid ammonia to the extent
of about one-half. A.M.D. Report for 1888, vol. xxix.
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The fifth condition demands that nothing organic shall be used in the
construction of the filter, or in the packing of the interior.! Iron or other
metal must be protected from the action of the water.2

The sizth condition is generally fulfilled when the material is loose, and
when the water is not too full of suspended matter. Sometimes sponge is
used to arrest suspended matter, but it is so apt to get foul that its use should
be avoided. The block filters are very apt to clog, a slimy substance forming
on their surface. This is partly obviated now by the use of asbestos strainers
(as in the silicated carbon and other filters).  Spongy iron isapt to cake unless
kept constantly covered with water, but this is arranged for in the new forms
of filter. As regards rapidity of delivery, the animal charcoal has the advan-
tage over spongy iron and block filters, in the following ratio :—

1. Animal charcoal, water runs through fairly well purified in 2} to 4 minutes.
2. Silicated cu-bon, average exposure, 15 minutes.
3. Spongy iron,? ’ » 2

It is obvious that, for reasons of convenience, one filter may be preferable
to the others according to circumstances. If the water is required imme-
diately in considerable quantity, and it is to be consumed at once, animal
charcoal would be used, but would require frequent renewal, the frequency
depending on the impurity of the water. In the other cases, where the
delivery is slower, the size or the number of the filters would have to be
arranged accordingly.

Cleansing of Filters.—All filters when first taken into use require to be
washed by passing from 10 to 20 gallons of fairly good water through
them, according to the size of the filter, as the filtering medium generally
yields something to water in the beg'uming. It is also necessary to ensure
the removal of dust, &c., that may be in the apparatus. But after a
certain time of use all filtering media not only cease to be efficient, but
even in some instances give up impurity to the water passed through
them ; so much is this the fact that cases of illness have been traced to
this source, and some persons have thought the dangers of filtration were
greater than those of unfiltered water. There is no doubt that the
practice of depending for years upon the efficiency of a filter, which has
never been cleaned or had its material renewed, is fraught with danger;
and there is still danger to be apprehended from many of the so-called
‘““self-cleaning ” filters, which, in the words of advertisements, ““require no
attention.” There is a limit to the power of all filtering materials, and no
implicit confidence can be placed in any of the methods vaunted as self-
cleaning.” It is not possible to state positively the length of time any
filtering material will remain efficient, so much depending upon the con-
dition of the water and the quantity passed through. Animal charcoal in
granules or powder ought to be cleaned or renewed at least every three
months, and much oftener if used with dirty waters. The best plan of
cleaning is to heat it to redness under cover, and then wash it with dis-
tilled water or the cleanest that can be procured. Failing this, boiling it,
with or without permanganate of potassium solution or dilute Condy’s fluid
and a little mineral acid, is the safest plan. After this it may be exposed
to the air and sun, thoroughly washed, and then used again. The perman-

1 Cotton bas sometimes been used, and gone rapidly to decay.

? Water has been found stmngly charged with zinc, from the use of so-called galvanised
iron in filters.

3 Water can be drawn off much more rapidly from this filter, if required, but this is not
recommended by the inventor,
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ganate solution (or Condy’s fluid) should be passed through it until it comes
out a distinct pink colour.

Spongy iron retains its efficiency for a long time, and, as in the filters
made with it the flow of water is expressly limited with reference to the
bulk of material, the difference is solely in relation to the greater or less
impurity of the water acted upon. Its efficiency may generally be depended
upon for a year, and, unless the water be very impure, even for a consider-
ably longer time. The experiments (by cultivation) of P. Frankland would
seem to indicate a much earlier failure of efficiency, and it would be well to
have the water tested both chemically and biologically at intervals, to be
assured of the continued efficiency of the medium. When the limit of
efficiency is reached, the only safe plan is to renew the charge of material,
and it is generally advisable to provide for this renewal once a year, or
oftener if examination of the water indicates the necessity of it ; should ecir-
cumstances arise, however, to prevent this renewal, the best plan for cleaning
is to subject all the material to the action of fire, up to a low red heat, then
to wash the whole well, and return it into the filter. The cleansing with
permanganate and acid must not be attempted.

Filters, where the material is cemented up and cannot be removed, ought
to be abandoned altogether.

Strainers of sponge, or any material which cannot stand the action of
fire, ought also to be given up. Asbestos forms an excellent strainer, and
can be heated to redness, so as to destroy all organic matter, as often as
required. ’

Block Filters are generally undesirable forms ; but, if charcoal is the mate-
rial used, they may be cleansed by carefully brushing the surface, pumping
air in the reverse way, and treating with permanganate as above described.
They are of various sizes, from small pocket filters to large-sized domestic
filters delivering 30 to 50 gallons a day. The pocket filters are useful as
strainers, but their small size must make the duration of their oxidising
power very short. They ought to be frequently brushed and washed in
clean water, with permanganate if possible.

Chamberland filters may be cleansed by being taken to pieces, and the
parts thoroughly brushed, then washed well with a solution of one part in
six of hydrochloric acid.

Cistern and Pipe Filters.—Filters are sometimes placed in cisterns, being
constantly immersed in the water to be filtered. This is an objectionable
plan, and ought to be abandoned. Pipe-filters are those which are placed in
the course of a supply-pipe, and tap-filters those which are fitted on to a
delivery tap. The objection to most of those filters is that they are gene-
rally much too small for the work expected from them, as they are usually
represented by a small cylinder of block carbon or a few ounces of animal
charcoal. For proper filtration the only way is to have a full-sized filter
attached to the supply-pipe, with a ball-cock or similar apparatus for filling
it.]1 The object is of course two-fold,—first, to ensure that all the water
drawn shall be filtered ; and, second, to save the time required when the
filter has to be filled by hand.

Service-Filters for Land and Sea.—Col. Crease, C.B., Royal Marine
Artillery, has arranged some excellent forms of filters, both small, for bar-
rack, hospital, or ambulance use, and large tanks for ships or for large bodies
of men on shore. The principle of them all is a filter of strong durable
material, which yields nothing to water, space for a large quantity of filtering

1 See fig. 2, p. 87.
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material, and a rapid delivery. The small filters may be earthenware or iron,
the latter being protected internally by a patent cement ;—the larger tanks
of iron, protected in the same way.

Carbalite has superseded all other filtering materials in the Royal Navy,
and is found to remove organic matters and purify water very effectually.
The filters are so constructed that the rate of filtration can be regulated by
screwing up or loosening a bolt. If the water is fairly clean the screw is
loosened, whilst if the water is dirty, it can be tightened. By using a large
quantity of the material with a rapid delivery, a storage reservoir becomes
unnecessary.

The Filtre Rapide of Maignen is now used a good deal in the service,
both for barrack and hospital use, and also in the field.!

SECTION V.
SuB-SECTION I.—SEARCH AFTER WATER.

Occasionally a medical officer may be in a position in which he has to
search for water. Few precise rules can be laid down.

On a plain, the depth at which water will be found will depend on the
permeability of the soil and the depth at which hard rock or clay will hold
up water. The plain should be well surveyed ; and, if any part seems below
the general level, a well should be sunk, or trials made with Norton’s tube-
wells. The part most covered with herbage is likely to have the water
nearest the surface. On a dry sandy plain, morning mists or swarms of
insects are said sometimes to mark water below. Near the sea, water is
generally found ; even close to the sea it may be fresh, if a large body of
fresh water flowing from higher ground holds back the salt water. But
usually wells sunk near the sea are brackish; and it is necessary to sink
several, passing farther and farther inland, till the point is reached where
the fresh water has the predominance.

Among the hills the search for water is easier. The hills store up water,
which runs off into plains at their feet. Wells should be sunk at the foot
of hills, not on a spur, but, if possible, at the lowest point ; and if there are
-any indications of a water-course, as near there as possible. In the valleys
among hills the junction of two long valleys will, especially if there is any
narrowing, generally give water. The outlet of the longest valleys should
be chosen, and if there is any trace of the junction of two water-courses,
the well should be sunk at their union. In a long valley with a contrac-
tion, water should be sought for on the mountain side of the contraction.
In digging at the side of a valley, the side with the highest hill should be
chosen.

Before commencing to dig, the country should be as carefully looked over
as time and opportunity permit, and the dip of the strata made out if pos-
sible. A little search will sometimes show which is the direction of fall
from high grounds or a watershed.

If moist ground only is reached, the insertion of a tube, pierced with
holes, deep in the moist ground, will sometimes cause a good deal of water
to be collected. The Norton tube-well gave satisfaction in Abyssinia,
although it did not succeed so well in Ashantee. It was also used with

11 8A5 description of it is given in the Regulations for the Medical Services (1890), App. No. 7,
™. 185.
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some success in the Soudan, 1884. This pump will yield about 7 gallons
per minute. A common pump will raise the water in it if the depth be not
more than 24 or 26 feet ; if deeper, a special force pump has to be used.

Sus-SecTioN I1.—SPECIAL CONSIDERATIONS ON THE SUPPLY OF WATER
TO SOLDIERS.

In barracks and hospitals, and in all the usual stations, all that has to be
done is to make periodical examinations of the quantity and quality of the
water, to inspect the cisterns, &c., and to consider frequently if in any way
wells or cisterns have been contaminated. As far as possible, a record
should be kept at each station of the normal composition of the water.

In transport ships, the water and the casks or tanks should always be
examined before going to sea. Should it show signs of putridity, distilla-
tion of sea-water, which is now easily managed, should be resorted to. If
the water distils over acid, neutralise with carbonate of soda. If there is a
little taste from organic matter, let it be exposed to the air for two or three
days. Crease’s tank-filters supply an excellent means of purifying water in
large quantities. The spongy iron ship-filter is also an excellent form of
filter for the purpose, and has the further advantage of removing lead
should the water have taken any up during the process of distillation.

During marches each soldier carries a water-bottle.! He should be taught
to refill it with good water whenever practicable. If the water is decidedly
bad, it should be boiled with tea, and the cold tea
drunk. The exhausted leaves, if well boiled in
water, will give up a little more tannin and colouring
matter, and will have a good effect ; and if a soldier
would do this after his evening meal, the water
would be ready for the next day’s march. Alum
and charcoal should be used. Small charcoal or
sandstone filters with elastic tubes at the top, which
draw water through like siphons, or through which
water can be sucked, are useful, and are now much
employed by both officers and men. They have
been largely used by the French soldiers in Algiers,
and some were issued to our troops both in the
Ashantee and Soudan campaigns. It must be un-
derstood that these are all merely strainers, and do
not purify the water from dissolved substances. A
spongy iron pocket-filter (fig. 4) has lately been
introduced, and seems likely to be serviceable.

Soldiers should be taught that there is danger in
drinking turbid water, as they will often do when
they are overcome with thirst. Not only all sorts
of suspended matters may be gulped down, but Fig. 4.2
even animals. On some occasions the French army in Algiers has suffered
from the men swallowing small leeches, which brought on dangerous bleeding.
The pocket filters act fairly well in removing these suspended matters.

If water-carts or water-skins are used, they should be regularly inspected ;

1 The Italian water-hottle was officially adopted in our army, but it is doubtful if it has
any advantage except its convenient shape, It certainly in;imrts an unpleasant taste to the
water at first, and presents difficulty in cleaning. An enamelled bottle, covered with felt, has
now been substituted for it. In India an ordinary soda-water bottle covered with leather is
used : these are clean and serviceable, and ap to answer well.

2 Description.—-2. Asbestos bag. 3. Pyroiusite. 4. Spongy iron.
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make his arrangements for the different places of supply; men and cattle
should be watered at different points; places should be assigned for wash-
ing ; and if removal of excreta by water be attempted, the excreta should
flow in far below any possible spring ; in the case of a spring several reser-
voirs of wood should be made, and the water allowed to flow from one to
another—the highest for men, the second for cattle. If it is a runni
stream, localities should be fixed for the special purpose ; that for the men’s
drinking water should be highest up the stream, for animals below, wash-
ing lowest ; sentries should be placed as soon as possible. The distribution
of water should be regulated ; streams are soon stirred up, made turbid, and
the water becomes undrinkable for want, perhaps, of simple management.
There is great economy of time in watering animals, and this is effected with
much less confusion and disturbance of the stream or spring, if the water be
received into troughs.

‘Wherever practicable the reservoirs or cisterns which are made should
be covered in; even if it is merely the most flimsy covering, it is better
than nothing.

In sieges the same general rules must be attended to. The distribution
of the water should be under the care of a vigilant medical officer.
Advantage should be taken of every rainfall; fresh wells should be dug
early; if necessary, distillation of brackish or sea-water must be had
recourse to.



CHAPTER IIL
REMOVAL OF EXCRETA.

It is highly probable that to barbarous and inefficient modes of removing
the excreta of men and of animals we must partly trace the great prevalence
of disease in the Middle Ages, and there is no doubt that many of the
diseases now prevailing in our large towns are owing to the same cause.

When men live in thinly-populated countries, following, as they will
then do, an agricultural or nomad life, they will not experience the con-
sequences of insufficient removal of excreta. The sewage matter returns at
once to that great deodoriser, the soil, and, fertilising it, becomes a benefit
to man, and not a danger. It is only when men collect in communities
that the disposal of excreta becomes a matter literally of life and death,
and before it can be settled the utmost skill and energy of a people may be
taxed. .

The question of the proper mode of disposal of sewage has been some-
what perplexed by not keeping apart two separate considerations. The
object of the physician is to remove as rapidly as possible all excreta from
dwellings, so that neither air, water, nor soil shall be made impure. The
agriculturist wishes to obtain from the sewage its fertilising powers. It is
not easy to satisfy both parties, but it will probably be conceded that
safety is the first thing to be sought, and that profit must come after-
words.

SECTION L
AMOUNT AND PRODUCTS OF THE SOLID AND LIQUID EXCRETA.
Amount of the Solid and Liquid Excreta.

The amount of the bowel and kidney excreta varies in different persons
and with different modes of life. On an average, in Europe, the daily solid
excreta are about 4 ounces by weight, and the daily liquid excreta 50 ounces
by measure for cach male adult. Women and children pass rather less.
Vegetable pass more solid excreta than animal feeders, but this is chiefly
owing to a large proportion of water.! Taking all ages and both sexes into
consideration, we may estimate the daily amount per head of population in
Europe at 2} ounces of fecal and 40 ounces of urinary discharge. A
population of 1000 persons would thus pass daily 156 B of solids and 250
gallons of urine, or in a year 25 tons of feces and 91,250 gallons (14,647
cubic feet) of urine. This gives 6-25 tons of water-free solids for the feces
and 167 from the urine, total 23 tons in round numbers, per annum.
Letheby gives the mean daily amount per head as 2784 ounces of feeces
and 31-851 ounces of urine.

! Mr Fawcus’s experiments on Bengalee prisoners give an average bowel excretion of 12
»nces, and in Bombay Dr Hewlett found the alvine discharges to be quite as large.
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Frankland estimates the mean daily amount per head as 3 ounces of
feces and nearly 40 ounces by measure of urine. In adult males the
quantity of nitrogen daily discharged by the bowels and kidneys amounts
to from 250 to 306 grains, representing 304 and 372 grains of ammonia.
Taking the whole population, however, the amount must be considerably
less than this. Dr Parkes calculated it as 153 grains of nitrogen, and
Letheby gave it as 155-8 grains, or from 186 to 189 grains of ammonis, s.e.,
the mean excretion of all the population is more than half the excretion of
the adult male.

Decomposition of Sewage Matter.

Fresh healthy fecal matter from persons on mixed diet, unmixed with
urine, has an acid reaction, and this it retains for a considerable time ; it
then becomes alkaline from ammonia. If free from urine it usually decom-
poses slowly, and in hot weather often dries on the surface and subsequently
changes but little for some time. The urine, when unmixed with feecal
matter, also retains its natural acidity for a variable number of days,—
sometimes three or four, sometimes eight or ten, or even longer, and then
becomes alkaline from ureal decomposition. When the faces and urine
are mixed, the formation of ammonium carbonate from ureal decomposi-
tion is much more rapid ; the solid excreta seem to have the same sort of
action as the bladder mucus, and the mixed excreta become alkaline in
twenty-four hours, while the separate excreta are still acid. And in its
turn the presence of the urine seems to aid the decomposition of the solid
matter, or this may be perhaps from the effect of the liquid, as pure water
seems to act almost as rapidly as urine in this respect. Pappenheim?!
states that the absorption of oxygen by the feeces is greatly increased when
urine is added. 'When the solid excreta and urine are left for two or three
weeks, the mixture becomes usually extremely viscid, and this occurs,
though to a less extent, when an equal quantity of pure water takes the
place of urine. The viscidity is prevented by carbolic acid.

When the solid excreta (unmixed with urine) begin to decompose, they
give out very foetid substances, which are no doubt organic; hydrogen
sulphide is seldom detected, at any rate by the common plan of suspending
paper soaked in lead solution above the decomposing mass. When heated,
a large quantity of gas is disengaged, which is inflammable, and consists
in great measure of carburetted hydrogen. When (instead of being dry)
urine is present, ammonia and foetid organic matters are disengaged in
large quantity. When water is also present, and if the temperature of the
air is not too low, not only organic matters but gases are given out, consist-
ing of light carburetted hydrogen, nitrogen, and carbon dioxide. Hydrogen
sulphide can be also disengaged by heat, and is almost always found in the
liquid, usually in combination with ammonia, from which it is sometimes
liberated and then passes into the air.

1 Handb. der San. Pol., 2nd edit., Band i. p. 72.
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SECTION IL
METHODS OF REMOVAL OF EXCRETA.

‘While all will agree in the necessity of the immediate removal of excreta
from dwellings, the best modes of doing so are by no means settled. The
fact is that several methods of removing sewage are applicable in different
circumstances, and their relative amounts of utility depend entirely on the
condition of the particular place.

The different plans may be conveniently divided into '—

1. The water method,
2. The dry methods.

Before noticing these plans, it will be convenient to make a few general
observations on sewers.

SEWERS.

Sewers are conduits employed to remove waste water and waste products
suspended in water from houses, or to carry away rain. Among the waste
products may be the solid and liquid excreta of men and animals, or the
refuse of trade and factory operations. Or sewers may be used merely for
the conveyance of dirty house-water, without the admixture of exereta or
trade refuse.

It is quite impossible that any town or even any single large house can
be properly freed of its waste house-water without sewers, and in more or
less perfect condition they are to be found not only in all modern but in
most ancient cities. Originally, no doubt, they were mere surface channels,
as they are still in many towns ; but for the sake of appearance and inoffen-
siveness, the custom must have soon arisen of placing them underground,
nor in modern towns could they now be arranged otherwise. In some large
towns there are even hundreds of miles of sewers constructed often with
great skill and science, and they serve in some instances as the channels
not only for rain, but for natural streams which have been enclosed.

The sewers form thus in the subsoil of towns a vast network of tubes,
connecting every house, and converging to a common outlet where their
contents may be discharged.

In some towns the sewers carry away none of the solid excreta, though
probably urine enters in all cases. In most towns, however, solid excreta
in greater or less quantity enter, owing especially to the prevalent use of
water-closets, or to the drainage of middens and manure heaps.

‘Whether the solid excreta pass in or not, the liquid in the sewers must
always contain ecither suspended or dissolved animal and vegetable matters
derived from the refuse of houses. It is generally warmer than the water
of streams, and is of no constant composition : sometimes it is very turbid

1 Dr Corfield's work (T'reatment and Utilisation of Sewage, by W. H. Corfield and L. C.
Parkes, 3rd edit., 1887) will be found to give a good summary on this subject. See also
Report of a Committee appointed by the President of the Local Government Board to inquire
tnto the several modes of treating Town Sewage, London, Eyre and Spottiswoode, 1876 ; see
also “Die Menschliche Abfallstoffe,” von Dr Ferd. Fischer, Supplement zur Dewtschen
Viertelj. f. %ﬂ. Gesundh., 1882 ; Report of the Royal Commission on Metropolitan Sewage
™scharge, 1884, See also Sewage Disposal Works, by W. Santo Crimp, C.E., 1890.
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and highly impure ; in other cases it is hardly more impure than the water
of surface wells. The suspended matters are, however, generally in larger
proportion than the dissolved.

In some cases the sewer water is in greater amount than the water
supplied to the town and the rainfall together. This arises from the subsoil
water finding its way into the sewers.

One ton of London or Rugby sewage contains only from 2B to 3 B of
solid matter (Lawes).! One ton of Southampton sewage contains about 2 Ib
dissolved and 1} 1 to 1} I suspended matter.

The average composition of sewer water in towns with water-closets is:
organic matter, 39-6 ; nitrogen, 8:87; phosphoric acid, 2-24; potash, 29
parts per 100,000.2

The Rivers Pollution Commissioners give 7-728 parts per 100,000 of total
combined nitrogen, 6703 of ammonia, and 10°66 of chlorine.?

Under the microscope, sewer water contains various dead decaying
matters, and, in addition, multitudes of Bacteria and amebiform bodies, as
well as some ciliated infusoria, especially Paramecia. Fungi (spores and
mycelium) are seen, but there are few Diatoms or Desmids, and not many
of the higher animals, such as Rotifera.

A controversy is still going on whether the solid excreta ought to be
admitted into the sewers. The point is virtually practically decided in
many towns in this country by the general use of water-closets, which can-
not now in these towns be superseded by any plan yet proposed. It is,
however, quite an open question whether, if all the arrangements could be
commenced de novo, the admission of the solid excreta would be proper.

The arguments for and against this view will presently be stated.

‘Whether the solid excreta are allowed to pass in or not, it is clear that
the dirty water of the sewers must in some way be disposed of. It is in
every case more or less impure, containing animal and vegetable substances
in a state of commencing decay, -which passes readily into putrefaction.
The readiest mode of getting rid of it is to pass it into streams, where it is
at once subjected to the influence of a large body of water, and where the
solid matters become either slowly oxidised, or form food for fishes or water
plants, or subside. Although from an early period streams were thus con-
taminated and their water, originally pure, was thus rendered unfit for use,
it is only lately that a strong opposition has arisen to the discharge into
streams. This is owing partly to the greater pollution and nuisance caused
by the more common use of water-closets and the largely increasing trade
of the country, which causes more refuse to be sent in, and partly to the
evidence which has been brought forward of the diseases which are caused
by drinking water made impure in this way. To prevent the nuisance and
danger caused by the pollution of streams, many actions at law have been
brought, and in some cases special Acts of Parliament have forbidden the
discharge of sewer water into certain rivers until after efficient purification.
The Rivers Pollution Act of 1876 now deals with the question, its provisions
having come into operation on the 15th August 1877. Unfortunately, from
various causes, it has been largely inoperative, and must ere long be
reconsidered.

1 For the compomtxon of sewer water, see Way, Second Report of Comm. on Semagc of Towns,
1881, p. 69 et . ; Letheby, Zhe Sewage Question, 1872, p, 135 ; Report o Town ,
%ggg Rwerc ollution Commissioners Report ; Report of Roy. Comm. Metr. Sew. Dis

3 Letheby, op. cit., p. 138.
3 First Report Riv. Poll. Comm., vol. i. p. 29.
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Up to a certain point there would probably be a general agreement as to
the principle on which this difficult question should be dealt with. Animal
substances in a state of decay can be best prevented from contaminating the
air, the soil, or the water of streams by imitating the operations of nature.
In the endless cycle of physical change, decaying animal matters are the
natural food of plants, and plants again form the food of animals.

It so happens that, with the exception of some mineral trades, the waste
products of which are hurtful to agriculture, many of the substances con-
tained in the sewage of our towns are adapted for the food of plants, and
we seem on sure ground when we decide that it must be correct to submit
these matters to the action of plant life, and thus to convert them from
dangerous impurities into wholesome food.

The difficulty is, however, with the application of the principle, and at
the present moment there is the utmost diversity of opinion on this point.
It seems, however, that we may divide the opinions into two classes.
According to one opinion, the proper mode is to bring the waste water of
towns, when it contains fertilising matters, at once to the ground, and,
after the arrest of substances which may block the pipes, to pour it over
the land in such a way as may be best adapted to free it from its impurities
and to bring it most rapidly and efficiently under the influence of growing
plants.

The other opinion objects to this course on two grounds,—first, that the
substances are not brought to the ground in the most convenient form for
agriculture, and also that the plan entails evils of its own, arising from the
immense quantity of water brought upon the land and from the difficulty
of efficient management. The advocates of this second view would, there-
fore, use some plan of separating the impurities of the water, and would
then apply them in a solid form to the land, or use them for some other
purpose, as in General Scott’s plan of adding the materials for cement and
then making this substance. The purified water would then be filtered
through land, or passed into streams, without further treatment.

In the case of the sewage containing materials not adapted for agriculture,
both parties would deal with it in the same way, viz., purify it by chemical
agencies or filtration, and then allow the water to flow off into streams, while
the solid products would be disposed of in the most convenient way.

These general views apply to any sewer water, whether it contains solid
excreta or not, although if these excreta can be perfectly excluded the sewer
water is less offensive, though not much so, when the volume of water is
large. It has hitherto been often poured into streams without previous
purification, though now this practice is prohibited by law, with certain
reservations.

The sewers of a town are for the most part used also to carry off the
rainfall, and, indeed, before the introduction of water-closets they were used
only for this purpose, and for taking away the slop and sink water of houses.
In countries with heavy rainfall, and in this country in certain cases, the
rainfall channels are distinct from the sewers, and the outfalls may be in an
entirely different direction. This is sometimes called the ¢ separate system.”

REyMovAL oF EXCRETA BY WATER.

This is the cleanest, the readiest, the quickest, and in many cases the
least expensive method. The water supplied for domestic purposes, which
has possibly been raised to some height by steam or horse power, gives at
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once a motive force at the cheapest rate ; while, as channels must necessarily
be made for the conveyance away of the waste and dirty water which has
been used for domestic purposes, they can be used with a little alteration for
excreta also. It would be a waste of economy to allow this water to pass
off without applying the force which has been accumulated in it for another
urpose.

P But if this is obvious, it is no less so that certain conditions of success
must be present, without which this plan, so good in principle, may utterly
fail. These conditions are, that there shall be a good supply of water, good
sewers, ventilation, a proper outfall, and means of disposing of the sewage.
If these conditions cannot be united, we ought not to disguise the fact that
sewers, improperly arranged, may give rise to no inconsiderable dangers.
They are underground tubes, connecting houses, and allowing possibly, not
merely accumulation of excreta, but a ready transference of gases and
organic molecules from house to house, and occasionally also causing, by
bursting, contamination of the ground, and poisoning of the water supply.
And all these dangers are the greater from being concealed. It is probably
correct, as has been pointed out, that in deep-laid sewers the pressure
inwards of the water of the surrounding soil is so great as frequently to
cause an overflow snto the sewer, and -so prevent the exit of the contents;
but, in other cases, the damage to the sewer may be too great to be neutral-
ised in this way, and, in the instance of superficially laid and choked-up
pipes, the pressure outwards of the contents must be considerable. The
dangers of sewers have now been-greatly reduced, by having good material,
better construction, good ventilation, sufficient water supply, and means of
disposal of the sewage.

Amount of Water for Sewers intended for Excreta.

Engineers are by no means agreed on the necessary amount. We have
already named 25 gallons per head per diem, on the authority of Mr
Brunel, as the amount required to keep common sewers clear, and even
with this amount there should be some additional quantity for flushing.
But in some cases a good fall and well-laid sewers may require less, and in
other cases bad gradients or curves or workmanship may require more. It
is a question whether rain-water should be allowed to pass into sewers; it
washes the sewers thoroughly sometimes, but it also carries débris and
gravel from the roads, which may clog; while in other cases storm waters
may burst the sewers, or force back the sewage. To obviate this, storm
overflows have to be provided; of these there are about fifty within the
metropolitan area, to relieve the low-level sewers on both sides of the
Thames.! '

Construction of Sewers.

Sewers are differently constructed according to the purposes they are to
serve, t.e., whether simply to carry off house and trade water, or the solid
excreta in addition, or one or both, with the rainfall.

In following out the subject, it will be convenient to trace the sewers
from the houses to the outfall, after first considering the construction of
water-closets.

1 Report on Metr. Sewage Discharge, 1884. For description of storm overflows, see Bailey
Denton, op. cit., sections Ixii. and lxxxv.
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fall should not be less than 3 or 4 feet, so as to insure thorough scouring of
the soil pipe.!

The ventilation of the soil pipe is a matter of importance, as the water
from the pan suddenly displaces a large body of foul air, which rises
through the siphon as the water flows. The best plan is to carry up the
soil pipe full-bore to the roof, far from any windows or chimneys, and from
3 to 4 feet above the eaves. It is well also to have a second pipe from the
crown of the siphon to the ventilating pipe, in order to prevent the un-
siphoning of the trap (see fig. 16). Air is supplied by a grating below, as
in Buchan’s and other disconnecting traps.

The short hopper closet, or some form of “wash-out” closet, with a
siphon trap below, is the safest; but there are some good forms of valve
closet in the market. They are, however, too frequently made with over-
flow pipes passing into the soil pipe. These, although siphon-trapped, are
apt to be sucked dry. They are thus dangerous, and they are really
unnecessary, for a well-made siphon pan rarely overflows. If it does, it is
better to receive the overflow on to a safe under the closet, from which the
water flows out through a pipe to the open air, such pipe acting as a warn-
ing pipe. The “Unitas ” closet (see figs. 8 and 9), appears to answer the above
requirements in all respects. There are no wood fittings, and everything in
connection with the closet can be kept clean : the flushing also is well carried
out. These closets have lately been introduced into the Royal Victoria
Hospital, Netley, and, so far, have been found to answer well.

The position of the closet is a matter of great moment. If possible, it
should always be in an outbuilding, or a projection, with thorough venti-
lation between it and the house. In two-storied buildings it might be put
in a small third storey in the roof, and well ventilated above. The windows
in a closet ought always to open quite to the ceiling.

The plan of placing closets in the basement should be entirely given up;
closet air is certain to be drawn into the house.

It is a bad plan to have the pull-up handle covered by the lid ;2 it should
be able to be pulled up when the lid is shut, or the shutting of the lid
should open the water-waste preventer cistern. In wash-out closets the flush
is generally obtained by pulling a wire like a bell-pull, as previously men-
tioned.

Water-Troughs or Latrines.—These are very strong earthenware or cast-
iron elongated receptacles, which are about half full of water. The excreta
drop into the water, and once or twice a day a valve is raised, and the water
and excreta pass into a drain. There is usually a catch-pit into which fall
bits of bricks, towels, or other things which are thrown in, so that they are
stopped and fished out when the trough is emptied, and do not pass into the
drain. The amount of water in the water-latrines used in some barracks is
about 5 gallons per head daily, so that the plan is not economical of water,
but, as it avoids all loss by the dripping in closets, there is probably no great
excess of expenditure. It is a good plan to have a flexible hose attached to
the water-pipe so as to wash thoroughly the seats and partitions every day.

The chief objection to this plan has been the labour which is necessary

1 The Army Sanitary Committee (On Sanitary Appliances, Blue Book, 1871, p. 17) state
that the amount of water used in the water-closets in the nrmgeis, for Green's closet, between
%gllon and 1 gallon for each time of use ; Underhay's, Lambert’s, and the pan-closet, from

1} gallon ; and for Jennings’ closet, usually the same, or in some stations 3 gallons. The
quantity ought not to be less than 2 gallons under an¥ circumstances. .

2 InDr Aidridge's patent the handle cannot be pulled up until the lid is shut down ; there
is also arrangement for carrying off foul gas by means of a pipe communicating with the outer
air, the lid itself being air-tight round the rim of the seat.
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in testing them afterwards, to make sure they are water-tight. In a wet
soil a good plan is to have a firm basis, or snvert block, which is itself per-
forated to carry off subsoil water, and to put the
drain over this, as in the plan of Messrs Brooks

at; and Son of Huddersfield (see fig. 24).
- The “junction” of pipes is accomplished by
- special pipes, known by the names of single and
,miﬁmﬂ'ﬂ ﬁ 0“) double squares, curved or oblique junctions, ac-
. cording to the angle at which one pipe runs into

@ the other. The square junctions are undesirable,

() A=) as blockage will always occur, and the oblique

Fig. 12.—Junctions. junctions should be insisted upon. When a

smaller pipe opens into a larger, a taper pipe

should always be used, the calibre being contracted before it enters the

receiving pipe. All jointing must be in good cement, unless special patent
joints (such as Stanford’s) are used. Clay jointing is wholly inadmissible.

Fall of Drain Pipes.—1 in 30 for 4-inch draius, and 1 in 40 for 6-inch ;
or, roughly, for small drains 1 inch per yard.

House Traps.—As the traps are usually the only safeguard against the
warm house drawing sewer air into it, the utmost attention is necessary to
insure their efficiency. There is almost an infinite diversity, but they can
be conveniently divided into the siphon, the midfeather, the flaptrap, and
the ball-trap.

The siphon is a deeply-curved tube, the whole of the curve being always
full of water. It is a useful trap, and efficient if the curve is deep enough,
so that there is a certain depth of water (not less than § inch) standing
above the highest level of the water in the curve, and if the water is never
sucked out of it, and if the pipe is not too small, so that the water is
carried away, when it runs full, by the siphon action of the pipe beyond.
If two siphons succeed each other in the same pipe, without an air opening
between, the one will suck the other empty.

The midfeatker is in principle a siphon ; it is merely a round or square
box, with the entry at one side at the top, and the dis-
charge pipe at a corresponding height on the opposite side,
and between them a partition reaching below the lower
margin of both pipes. Water, of course, stands in the box or
receptacle to the height of the discharge, and therefore the
partition is always to some extent under water. The extent
should not be less than § of an inch. Heavy substances
may subside and collect in the box, from which they can be
removed from time to time ; but as ordinarily made it is not a
good kind of trap, as it favours the collection of deposit, and
is not self-cleaning. The common bell-trap, with its modifica-

. 13.—Siphon tions, is a variety of the midfeather-trap, but it is so inefficient
g)“‘k Trap, with that it ought to be given up. The best kind of sink trap is

ovable screw . . A . .
for cleaning. tge sllg;ple siphon, with a screw cap, by which to clean it

The flap is 1(1$§d only for some drains, and is merely a hinged valve which
allows water to pass in one direction, but which is so hung as to close after-
wards by its own weight. It is intended to prevent the reflux of water int.
the secondary drains, and is supposed to prevent the passage of sewer gas.
But it is a very imperfect block.

The ball-trap is used in some special cases only ; a ball is lifted up as the
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water rises, until it impinges on and closes an orifice. It is not a very

desirable kind.
However various may be the form and details of the water-trap, they can

be referred to one or other of these patterns.
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Fig. 14.—Common Mason's or Dip-Trap. Fig. 15.—D Trap. Bad
Bad form of Trap. form of Trap.

Efficiency of Traps.—Water should stand in a trap at least § of ;an inch
above openings, and it should pass through sufficiently often and with
sufficient force to clear it. An essential condition of the efficiency of all
traps is that they should be self-cleansing. Many traps are so constructed
that no amount or velocity of water can clear them. Such traps are the
common mason’s or dip-trap (fig. 14), and the
notorious D trap (fig. 15), both of which are
simply cesspools, and could never be cleaned
without being opened up. Such traps ought
to be unhesitatingly condemned. Traps are
often ineffective :— 1st, From bad laying, which
is a very common fault. 2nd, From the water
getting thoroughly impregnated with sewer
effluvia, so that there is escape of effluvia from
the water on the house side. 3rd, From the
water passing too seldom along the pipe, so that
the trap is either dry or clogged. 4¢A, From
the pipe being too small (2 or 3 inches only),
and “running full,” which will sometimes suck
the water out of the trap; it usually occurs in
this way, as frequently seen in sink traps;
the pipe beyond the trap has perhaps a very
great and sudden fall, and when it is full of
water it acts like a siphon, and sucks all the
water out of the trap; to avoid this, the pipe
should be large enough to prevent its running gig 16._Siphon Closet Basins
full, or the trap should be of larger calibre with ventilating pipes. A,
than the rest of the pipe. This, however, will 5ol pipe passing up above the
not always prevent it, as even 6-inch pipes Sube:i'diuy venp:n,ﬁngp' Pipe
have sometimes sucked a siphon dry. The (also passing up above eaves,
question has lately been very carefully investi- x;‘;;’a’: :i; )0:‘: prevent suck-
gated, in America, by Messrs Philbrick and
Bowditch,! whose report has shown the danger of unsiphoning which
small pipes are exposed to. The remedy appears to be to introduce
an air-vent at the crown of the trap (see fig. 16), and not to have

! The Sanitary Engineer, vol. vi. p. 264, 1882 (New Yorkh “The Sypho! and
rY;;i:]%]ilt_nt]i‘oncofE. Traps,” Report to the National rd of Health, by E. W. Bowditch and E. 8,
rick, C. .
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too small a pipe, especially when several pipes unite in one general
waste. The experiments also showed how unsiphoning might take place
from the pressure of descending water from upper floors, so that air might
be forcibly driven into the house when upper closets or sinks were
used. Mr Glenn Brown’s experiments show that with proper ventilation
these dangers may be completely obviated.! 5tk Traps may perhaps be
inefficient from the pressure of the sewer air, combined with the aspirating

Fig. 17.—Pipes open- ig. 18.—Disconnecting and Venti- ig. 19.---Simple
l18113 abovepeaml;ng Flﬁsting Drain Trap No. 2, Buchan’s h%nuy 'I‘rap?
and Trap. Patent.

force of the house displacing the water, and allowing the air uninterrupted

communication between the sewer and the house. The extent of the last

danger cannot be precisely stated. From a long series of observations on

the pressure of the air in the London sewers, Dr Burdon-Sanderson ascer-
DISCONNECTING MAN-HOLE.

Perforated Iron Door.
o
N
Cleaning Branch.

tained that in the main sewers, at any rate, the pressure of the sewer air,
though greater than that of the atmosphere, could never displace the water
in a good trap. In a long house drain which got clogged, and in which

Fig. 21.—Plan. Fig. 22.—Cross Section.
much development of gaseous effluvia occurred, there might possibly be for

at the Museum of Hygiene, U.S. Navy

" Report on Experiments in Trap Siphonage
&enn Brown, Architect. Washington, 1886.

artment, Washington, D.C., by
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a time a much greater pressure, but whether it would be enough to force
the water back, with or without the house suction, has not been yet experi-
mentally determined. Dr Neil Carmichael has shown that water siphon
traps act efficiently so long as they are not emptied by any siphon action
beyond. But the reasons already given show that we ought not to place
dependence solely on traps,! though they are useful adjuncts. In arranging
the house pipes the sink and water-waste pipes must not be carried into the
closet soil pipes, but must empty in the open air over a grating.? See fig. 17.
In the case of soil or water-closet pipes, there must be also a complete air-
disconnection between the pipe and drain by means of one of the contriv-
ances now used by engineers. At the point where this disconnection is
made there ought to be some easy means of getting at it for inspection.

A simple good form is Buchan’s trap (fig. 18).2 A good form of man-hole
is Mr Rogers Field’s (see figs. 20 to 22).4 fessor Reynolds® has sug-

ted an arrangement which seems fairly good and simple.

A simple trap is sometimes made by inserting a pipe in the centre of a
siphon, and carrying this pipe to the surface, or higher if considered
desirable. It is, however, apt to be clogged with grease, faces, and other
light matter rising into the pipe. There are various similar arrangements.
The “Somerset Patent Trap,” designed by Mr Honeyman, and much used
at Glasgow, is a midfeather-trap with an air-shaft on each side the partition ;
on one side the shaft ventilates the pipe leading to the sewer, on the other
allows fresh air to pass into the house pipe. This
second shaft also allows the trap to be cleaned.

Rain-water pipes are sometimes used to venti-
late drains, but, independent of their small size,
which often leads to blockage, they are often
full of rain, and cannot act at the time when
ventilation is most required. They are also
apt to deliver sewer gas into garret windows.
The plan is objectionable, and ought to be
abandoned.

A good form of disconnecting trap for sink
and slop waters is Dean’s, which has a movable
bucket for removing deposits (fig. 23).

A greasc-intercepting chamber is sometimes
necessary to prevent the deposit of grease or
sand in the drain. This chamber is generally
made of hollow stoneware, with a tight iron cover, and ventilated. The hot
water from the sink is cooled on entering the chamber, the grease solidifies
and rises to the top, the sand sinking to the bottom ; the grease and sand
must be removed periodically.

In yards, gully traps of different kinds are used, the action of which will
be at once understood from the drawing (fig. 19).

ig. 23.—Dean’s Gully Trap.
A, Handle of movable bucket.

1 ¢ Honestly speaking, traps are dangerous articles to deal with ; they should be treated
merely as auxiliaries to a good drainage system.”—Eassie.

2 For the sake of appearance, in some cases, it may be necessary to carry the pipe imme-
diately under the grating, but care must be taken that nothing occurs to obstruct the free
communication with the open air through the grating. . X

3 Mr Buchan still considers this the best form of trap for ordinary purposes. Sanilary
Record, Nov. 1889. .

4 From Mr Field's Bye-Laws for Uppingham, with later improvements, I am indebted to
Mr Field for several valuable suggestions.—{F. de C. i

8 Sewer Gas, by Osborne Reynolds, M.A., Professor of Engineering at Owens College,
Manchester, 2nd edition, 1872.
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Ezamination of House Pipes and Traps.

Pipes and traps are generally so covered in that they cannot be inspected ;
but this is a bad arrangement. If possible, all cover and skirting boards
concealing them should be removed, and the pipe and trap underground laid
bare, and every joint and bend looked to. But supposing this cannot be
done, and that we must examine as well as we can in the dark, so to speak,
the following is the best course :—Let water run down the pipe, and see if
there is any smell ; if so, the pipe is full of foul air and wants ventilation,
or the trap is bad. If a lighted candle, or a bit of smouldering brown
paper, is held over the entrante of the pipe or the grating over a trap, a
reflux of air may be found with or without water being poured down. It
should be noticed also, whether the water runs away at once, or if there is
any check. This is all that can be done inside the house; but though the
pipe cannot be disturbed inside, it may be possible to open the earth out-
side, and to get down to and open a drain ; in that case, pour water mixed
with lime down the house pipe; if the whitened water is long in appear-
ance, and then runs in a dribble merely, the drains want flushing ; if it is
much coloured and mixed with dirt, it shows the pipes and trap are foul,
or there is a sinking or depression in some part of the drain where the
water is lodging. The pipe should then be flushed by pouring down a
pailful of lime and water till the lime-water flows off nearly clear. The
drain should also be blocked, and water poured into the house pipe to see
if it be water-tight in every part.. If the lower end of the drain is plugged,
and the pipe then filled with water, any leak will be found by the sinking
of the water in the upper part. Or the drain may be filled with smoke by
a forcing apparatus, when the situation of a leak will be detected by the
presence of the smoke—smoke rockets have been recently introduced for
this purpose ; also glass grenades charged with pungent chemicals (Banner’s
patent). The simplest method, perhaps, is to pour down the pipe, at the
highest part, an ounce of oil of peppermint with a few gallons of hot water :
as this is a very volatile oil, there is no difficulty in tracing whence the
odour is emitted, and so detecting any leak.

Yard-traps are often very foul, and if the trap-water be stirred, gas
bubbles out, which is a sign of great foulness or that the traps are seldom
used.

Main Sewers.

The outside house drain ends in a channel which is common to several
drains, and is of larger size. These larger sewers are made either of round
glazed earthenware pipes from 15 to 24 inches diameter, or of well-burnt
impervious brick moulded in proper curved shape and set in Portland
cement, or stoneware bricks are partly used. The shape now almost
universally given, except in the largest outfall part, is that of an egg with
the small end downwards, so that the invert is the narrowest part. The
object of this is to secure the maximum scouring effect with a small
quantity of water. Engineers take the greatest care with these brick
sewers ; they are most solidly put together in all parts, and are bedded on
a firm unyielding bed. Much discussion has taken place as to their size,
but the question is so complicated by the admission of rain water, that it
is difficult to lay down any fixed rule, at least as regards the main pipes.
All other sewers, however, should be small, and with such a fall as to be

self-cleansing.
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Sewers should be laid in as straight lines as possnble, with a regulat fall ;
tributary sewers should not enter at right angles,
but obliquely ; and if the sewer curves, the radius
of the curve should not be less than ten times
the cross-sectional diameter of the sewer. Some-
times there is an arrangement for subsoil drainage £\
under a pipe drain, as in the plan proposed b — y n
M: Brooks. plan proposed by Fig 24~ Bronks's combined

The fall for sewers is usually from 1 in 244 to 1 in 784, according to the
size of the drain. The flow through a sewer should in no case be less than
2} feet per second, and 3 is better. As in the house drain, the fall should
be equable without sudden changes of level.!

It is of importance that, to all sewers capable of being entered by a man,
there should be an easy mode of access. Man-holes opening above, or,
what is better, at the side, should be provided at such frequent intervals,
that the sewers can be entered easily and inspected at all points. The
man-holes are sometimes provided with an iron shutter to prevent the
sewer air passing into the street, or by the side of the man-hole there may
be a ventilating chamber.?

Calculation of Discharge from Sewers.®

Several formul® have been given, of which the following is the most
simple:—

1 In some cases a fall is almost impossible to obtain, as, for instance, at Southport, in Lan-
cashire, where the ground is nearly a dead level. The fall there is about 1 in 5 , and never
exceeds 1 in 3000. In such a case the drain would have to be cleaned either by locks or valves
§ﬂushmg -gates) to retain a portion of the contents for a time, and then set them free suddenly

n order to flush the next section, or by special arrangements, such as Field’s flush-tank, or
Shone’s ejector.

2 Mr Baldwin Latham joins the sewers in man-holes, so that if one is blocked another may
be used ; the outlet being at the lower level.

3 The following table, taken from Mr Wicksteed, will be found useful :—

Sewers.

Velocity in feet Gradient
Diameter. per l:lylnnte. required.
4 inches . . . 240 . . . 1 in 36
6 . . . 220 1 , 65
8 . . . 220 1 ., 8
9 . ... 9220 1, 98
10 ., . . . 210 1 ,, 119
15 , 180 1 ,, 244
18 180 1 ,, 204
21 180 1 ., 343
24 ., 180 1 ,, 392
30 .. 180 1 . 490
36 ,, . . . 180 1 ,, 588
48 180 1 784

”
Mr Latham (Lcctura on Samta E neermg, dehvered to the Royal Engineers at
Chatham) gives a table, of which the following is an extract :—

m‘lﬂﬁg in Rate of Inclination for velocity per second.
2 feet, 3 feet. 4 feet. 5 feet, 6 feet.
4 1:194 1:92 1:53 1:34 1:24
[ 292 137 80 51 36
8 389 183 106 69 48
9 437 200 119 77 54
10 486 229 133 86 60
12 583 275 159 103 72

In this table the velocity in feet multiplied by the inclination equals the length of the

8
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V=55 x(a/D x 2F).

V =velocity in feet per minute.
D=hydraulic mean depth in feet.
F=fall in feet per mile.

Then, if A =section area of current of fluid, VA =discharge in cubic feet
per minute.

To use this formula, the hydraulic mean depth when the sewage is
flowing, and the amount of fall in feet per mile, must be first ascertained.
The ‘““hydraulic mean depth” is the section area of current of fluid divided
by the wetted perimeter. In circular pipes it is always }th the diameter.!
The “wetted perimeter ” is that part of the circumference of the pipe wetted
by the fluid. The fall in feet per mile is easily obtained, as the fall in 50
or 100 or 200 feet can be measured, and the fall per mile calculated (5280
feet =1 mile).2

Movement of Air in the Sewers, and Ventilation.

It seems certain that no brick sewer can be made air-tight; for on
account of the numerous openings into houses, or from leakage through
brickwork, or exit through gratings, man-holes, and ventilating shafts, the
air of the tubes is in constant connection with the external air. There is
generally, it is believed, a current of air with the stream of water, if it be
rapid. The tension of air in main sewers is seldom very different from
that of the atmosphere, or if there be much difference equilibrium is
quickly restored. In twenty-three observations on the air of a Liverpool
sewer, it was found by Drs Parkes and Burdon-Sanderson$ that in fifteen
cases the tension was less in the sewer than in the atmosphere outside
(i.e,, the outside air had a tendency to pass in), and in eight cases the
reverse ; but on the average of the whole there was a slight indraught into
the sewer. In the London sewers, on the other hand, Sanderson noticed an
excess of pressure in the sewers.*

If at any time there is a very rapid flow of water into a sewer, as in
heavy rains, the air in the sewer must be displaced with great force, and
possibly may force weak traps; but the pressure of air in the sewers is not
appreciably affected by the rise of the tide in the case of seaboard towns.®
The tide rises slowly, and the air is displaced so equably and gradually
through the numerous apertures, that no movement can be detected. It is

sewer to which the calculation ap{;lies. For example, if the velocity is 6 feet per second in a
pi{:e whose diameter is 4 inches, then 6 x 24=144 feet is the length of the sewer.
This may be shown thus: Let r = the radius of section: then the perimeter = »2r,

w72
and the section of fluid (or area of circle) = w12, then 1721_:%’ i.e., } the radius or } the

diameter.

2 An example may illustrate the formula ; Let the sewer be 12 inches in diameter and cir-
cular in shape ; then the hydraulic mean depth is three inches or 0-25 of a foot ; let the fall
in feet per mile be 73 : then we have 55 x +/*25 x 146=333 feet per minute velocity ; then the
sectional area of the pipe running full=0-7854 of a square foot, and 07854 x 333=261
cubic feet discharged per minute,

3 on the Sanitary Condstion of Liverpool, 1870, p. 27.

4 Mr B. H. Reeves believes that temperature is an important factor in influencing the
movement of air in sewers ; when the temperature of the sewer, and that of the outside
air, is the same or nearly so, stagnation follows.—-San. Record, October 1889.

8 Vide same Report, p. 21, for the case of Liverpool. Dr Cortield’s observations at Scar-
borough were confirmatory.
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not possible, therefore, that it can force water-traps in good order, when
there are sufficient ventilating apertures.

On the contrary, the blowing off of steam, or the discharge of air from
an air-pump (as in some trade operations), greatly heightens the pressure,
and might drive air into houses. So also the wind blowing on the mouth
of an open sewer must force the air back with great force.

It is, therefore, important to protect the outfall mouth of the sewer
against wind by means of a flap, and to prohibit steam or air being forced i
into sewers.

To how great an extent the openings into houses thus reduce the tension
of the air in main sewers it is difficult to say, but there can be little
doubt that a large effect is produced by houses which thus act as ven-
tilating shafts.

When a sewer ends in a cul-de-sac at a high level, sewer gas will rise and
press with some force ; at least in one or two cases, the opening of such a
cul-de-sac has been followed by so strong a rush of air as to show that there
had been considerable tension. It is also highly probable, from the way in )
which houses standing at the more elevated parts of sewers, and communi- |
cating with them, are annoyed by the constant entrance of sewer air, while
{lomies lower down escape, that some of the gases may rise to the higher
evels.

That no sewer is air-tight is certain, but the openings through which the
air escapes are often those we should least desire. It is therefore absolutely
necessary to provide means of exit of foul and entrance of fresh air, and not
to rely on accidental openings. The air of the sewer should be placed in
the most constant connection with the external air, by making openings at
every point where they can be put with safety. In London there are
numerous gratings which open directly into the streets, and this plan,
simple and apparently rude as it is, can be adopted with advantage wherever
the streets are broad : the openings should be in the middle of the roadway,
and not near the pavement. But in narrow streets, or when too near the
pavement, the sewer gratings often become so offensive that the inhabitants
stop them up. In such cases there must be ventilating shafts of as large a
diameter as can be afforded, running up sufficiently high to safely discharge
the sewer air.! In some of these cases it may be possible to connect the
sewers with factory chimneys.2 The sewer should never be connected with
the chimneys of dwelling-houses. Mr John Penn suggests that pipes should
be carried up through the street gas lamps, for the purpose of ventilating
the sewers, so that the sewer air would be subjected to the gas flame, and
rendered innocuous, and a constant current kept up.3

In making openings in sewers it seems useless to follow any regular plan.
The movement of the sewer air is too irregular to allow us to suppose it can
ever be got to move in a single direction, though probably the most usual
course of the air current is with the stream of water, if this be rapid. The
openings should be placed wherever it can conveniently be done without
creating a nuisance. Some of these openings will be inlets, others outlets,
but in any case dilution of the sewage effluvia is sure to be obtained. Sir

1 In Liverpool there were small shafts with Archimedean screws at the top. From the
observations of Sanderson and Parkes, it appears that these screws did act, but not to such an
extent as to warrant the expense. .

2 It seems inadvisible to erect chimneys and use fires with an idea of ventilating the sewers
on a general plan ; the air would simply be drawn with great force through the nearest open-

. But local ventilation by a factory chimney, when gratings cannot be used, is a different

3 Times, Oct. 22, 1889.
W
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foul gases are not generated. This is shown in the case of Bristol, where
the main sewer is neither ventilated nor flushed, and is stated to require
neither the one nor the other, there being no deposit, nor accumulation of
foul gas.!

DisPoSAL OF SEWAGE.

The great engineering skill now available in all civilised countries can
ensure in the case of any new works that the construction of sewers shall
be perfect. If an engineer can obtain good materials, good workmen, and
a proper supply of water, there is no doubt that sewers can be so solidly
constructed and so well ventilated that the danger of deposits in the sewers,
or of sewer air entering and carrying disease into houses, is removed.

But the difficulty of the plan of removing excreta by water really con-
mences at the outfall. How is the sewage to be disposed of ?

This difficulty is felt in the case of the foul water flowing from houses and
factories without an admixture of excreta almost as much as in sewer water
with excreta. The exclusion of excreta from sewers, as far as it can be
done, would not solve the problem—would, indeed, hardly lessen its diffi-
culty. In seaboard towns the water may flow into the sea, but in inland
towns it cannot be discharged into rivers, being now prohibited by law.
Independent of the contamination of the drinking water, the sewage often
kills fish, creates a nuisance which is actionable, and in some cases silts up
the bed of the stream. It requires in some way to be purified before dis-
charge. At the present moment the disposal of sewage is the sanitary pro-
blem of the day, and it is impossible to be certain which of the many plans
may be finally adopted. It will be convenient to briefly describe these plans.

1. Storage in Tank, with Overflow.

The sewage runs into a cemented tank with an overflow-pipe, which some-
times leads into a second tank similarly arranged. The solids subside, and
are removed from time to time ; the liquid is allowed to run away. Instead
of letting the liquid run into a ditch or stream, it has been suggested to take
it in drain pipes, § to 1 foot under ground, and so let it escape in this way
into the subsoil, where it will be readily absorbed by the roots of grasses.
The fat, grease, and coarser solids should be intercepted in a proper trap,
and removed as found necessary. The liquid portions may be discharged
periodically by means of the automatic flush-tank.2 In a light soil this could
no doubt be readily done ; and if the drain pipes are well laid, a considerable
extent of grass land could be supplied by this subterranean irrigation. The
tank plan is, however, only adapted for a small scale, such as a single house
or small village, and there should be ventilation between the tank and the
house in all cases. This plan is applicable to the disposal of slop waters in
villages, even when the excreta are dealt with by dry methods.

This is really a modification of the old cesspit plan, which is still in use
in most rural districts; but unless the cesspit is at a considerable distance
from any habitation, and far removed from all sources of water supply, it
should be replaced by a cemented tank. In any case ventilation and com-
plete disconnection are absolutely necessary.

2. Discharge at once into Running Water.
All new works of this description are now prohibited, and the plan will

1 Cortield, op. cit. Ig 205.
3 See Mr rs Field's evidence, Annual Conference on the Progress of Public Health at
the Society of Arts, 1380.
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Nitrates and nitrites, which did not exist before filtration, were found
afterwards, showing oxidation.

6. Irrigation.!

By irrigation is meant “the distribution of sewage over a large surface
of ordinary agricultural ground, having in view a maximum growth of
vegetation (consistently with due purification) for the amount of sewage
supplied.” It is essential that the sewage should not merely run over, but
through, the land, before passing out as an effluent. For this purpose it is
desirable that the sewage should be brought to the land in as fresh a state as
possible. In some cases, as at Carlisle, carbolic acid in small quantities has
been added to the sewage in its flow for the purpose of preventing decom-
position, and the plan appears to be effectual. The sewage is usually warmer
than the air at all times, and will often cause growth, even in winter.

The effect on growing plants, but especially on Italian rye-grass, is very
great ; immense crops are obtained, although occasionally the grass is rank
and rather watery. For cereals and roots it is also well adapted at certain
periods of growth, as well as for market vegetables when the viscid parts
are separated. When the sewage permeates through the soil there occur—
1st, a mechanical arrest of suspended matters; 2nd, an oxidation producing
nitrification, both of which results depend on the porosity and physical
attraction of the soil, and on the influence of micro-organisms ; and, 3rd,
chemical interchanges. The last action is important in agriculture, and has
been examined by Bischof, Liebig, Way,2 Henneberg, Warrington,® and
others. Hydrated ferric oxide and alumina absorb phosphoric acid from its
salts, and a highly basic compound of the acid and metallic oxide is formed.
They act more powerfully than the silicates in this way. The hydrated
double silicates absorb bases. Silicates of aluminum and calcium absorb
ammonia and potassium from all the salts of those bases, and a new hydrated
double silicate is formed, in which calcium is more or less perfectly replaced
by potassium or ammonium. Humus also forms insoluble compounds with
these bases. Absorption of potash or ammonia is usually attended with
separation of lime, which then takes up carbonic acid.

The best kind of soil is a friable loam ; but other soils, such as sands,
gravels, &c., when properly managed, are capable of purifying sewage.

The soil must be properly prepared for sewage irrigation ; either a gentle
slope, or a ridge with a gentle slope on each side of about 30 feet wide,*
with a conduit at the summit, or flat basins surrounded by ridges, are the
usual plans. The sewage is allowed to trickle down the slope at the rate of
about 8 feet per hour, or is let at once into the flat basin. The water passes
through the soil, and should be carried off by porous earthenware under-
drains from 5 to 6 feet deep, and from 20 to 100 feet apart, according to the
porosity of the soil, and thence into the nearest water-course.

The sewage should reach the ground in as fresh a state as possible ; it is
usually run through coarse strainers (and this is always advisable), to arrest
any large substances which find their way into the sewers, and to keep back

1 On the app]ication of sewage to land many works have been published. Dr Corfield’s
work on the Treatment and Utilisation of Sewage, 3rd edition, and the Report of the Committee
of the British Association, 1872, give the best summary of the subject up to the date of publi-
cation. Also the Report of the Committee on Town Sewage, 1876.

3 Journal of Royal Agricultural Society, vol. xi.

3 Chemical News, May 1870. Warrington's paper gives a good resumé of the subject, with
many original experiments, and can be consulted ¥:r full details.

4 This was the arrangement of Mr Hope's farm at Romford.
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to exist, as may be seen from the table given by the Rivers Pollution
Commissioners.!

The results are much better than those of any chemical precipitant,
although they are not quite so good as the downward filtration plan.?

Do Sewage Irrigation Farms affect the Public Health or Public Comfort ?

That sewage farms, if too near to houses and if not carefully conducted,
may give off disagreeable effluvia is certain ; but it is also clear that in some
farms this is very trifling, and that when the sewage gets on the land it soon
ceases. It is denied by some persons that more nuisance is excited than by
any other mode of using manure. As regards health, it has been alleged
these farms may—1st, give off effluvia which may produce enteric fever, or
dysentery, or some allied affection; or, 2nd, aid in the spread of enfozoic
diseases ; or, 3rd, make ground swampy and marshy, and may also poison
wells, and thus aﬁ'ect health.

The evidence of Edinburgh, Croydon,® Aldershot, Rugby,* Worthing,
Birmingham, Berlin,’ Romford, the Sussex Lunatic Asylum,® is very strong
against any mﬁuence in the productxon of enteric fever by sewage farms’
effluvia. Dr Clouston records an outbreak of dysentery in"the Cumberland
Asylum ; but the disease appears to have been caused by the inefficient
manner in which the irrigation was carried out, rather than to the process
itself.” Letheby® also records an outbreak of enteric fever at Copley, when

1 The standard of punt which effluent water should have has not yet been fixed. That
proposed by the Rivers Pollution Commissioners, which is based on the method of analysis
proposed by Dr Frankland, and which is not yet. universally admitted, was as follows :—

Standard of Rivers Pollution C¢ 177 1 of Impurity permissible in 100,000
parts by umght qf the liguid.
In Solution,
2 | S | o B
matter in | matter In : Organic | Organic h Sulphur
suspension. | suspension. carbon, | nitrogen. l::‘::;:::n«;r Arsenic. ?}:.l:' ::Is;{h"u:f
Sodium.
Shown in a
stratum of
3 1 linch ina 2 03 2 0-05 1 1

I white plate.

A certain d of acidity or alkalinity is also ordered not to be surpassed. In the discus-
sions on the Public Health Bill in the House of Commons this standard, which had been
embodied in the Bill, was struck out, and the standard is left to be hereafter determined.
(No standard is given in the Rivers Pollution Act of 1876). The objection to the plan is not
merely the doubt about the substances represented by organic carbon or nitrogen, but also
because the standard does not take into consideration the volume of water into which the foul
}vxilt.er flows. The Thames Conservancy Commissioners adopt a standard for effluent sewage as

ollows :—

Must not exceed in 70,000 parts. 1n 100,000,
Suspended matters, . . . . . . 3  parts. 43
Total solids, . . . . . . 70 ” 1000
Organic carbon . . . . . . ' 30
nltrogen . 0 75 11

2 On 'the disposal of sewnge a hrge amount of information will be found in the First and
8econd Reports of the Bogal Commission on Metropolitan Sewage Discharge, 1884-5; see also
Corﬂeld 8 work, op. cit., 3rd ed., 1887,

Se rg‘enuar various papers and essays on this subject drawn from the experience of Croydon

Wage

.M.J., 1870. 5 Corfield, op. cit., p. 451.
‘ Dr J. W. Williams, Brit. Med. Journal, 11th May 1872
: Med. Times and Gazette, June 1865.

The Sewage Question, p. 180.
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a meadow was irrigated with the brook water containing the sewage of
Halifax.

The negative evidence is so strong as to justify the view that the effluvia
from a well-managed sewage farm do not produce enteric fever or dysentery,
or any affection of the kind. At Eton, where some cases of enteric fever
were attributed to the effluvia, Dr Buchanan discovered that the sewer water
had been drunk ; this was probably the cause of the attack.

With regard to the second point, the spread of entozoic diseases by the
carriage of the sewage to the land was at one time thought probable, though
as solid excreta from towns have been for some years largely employed as
manure, it is doubtful whether the liquid plans would be more dangerous.
The special entozoic diseases which it is feared might thus arise are Tapeworms,
Round worms, Trickina, Bilkarzia, and Distoma hepaticum in sheep. Cobbald’s
latest observations showed that the embryos of Bilkarzia die so rapidly
that, even if it were introduced into England, there would be little danger.
The Trichina disease is only known at present to be produced in men by the
worms in the flesh of pigs which is eaten, and it is at least doubtful whether
pigs receive them from the land. There remain, then, only Tapeworms and
Round worms for men and Distoma hepaticum for sheep to be dreaded. But,
with regard to these, until positive evidence is produced, this argument
against sewage irrigation may be considered to be unsupported. It is not
improbable that alkaline sewage may destroy organisms, like the ova of tape-
worms, whose natural habitat is the acid secretion of the human intestine.
An epidemic of * Enterocolitis,” due apparently to the presence of Tricko-
cephalus occurred at Pierrefeu (Var) amongst the patients of an asylum.
Between Jan. 1888 and March 1889 there were 137 cases amongst the inmates
(more than half), together with 17 employés. There was no epidemic outside
the asylum. It was attributed to the watering of the gardens with sewage
water ; the use of the vegetables was stopped, and the illness ceased,!

The third criticism appears to be true. The land may become swampy,
and the adjacent wells poisoned, and disease (ague and perhaps diarrhcea
and dysentery) be thus produced. But this is owing to mismanagement,
and when a sewage farm is properly arranged it is not damp and the wells do
not suffer.

Objections to Sewers.

The main objections are as follows :—

1. That, as underground channels connecting houses, they allow transference
of effluvia from place to place.—The objection is based on good evidence, but
it must be said in reply that, if proper traps are put down, and if air discon-
nection, in addition, is made between the outside drains and the house pipe,
such transference is impossible. The objection is really against an error of
construction, and not against the plan.as properly carried out. Besides, the
objection is equally good against any kind of sewer, and yet such under-
ground conduits are indispensable.

That the pipes breuk and contaminate the ground.—This is a great evil,
and it requires care to avoid it. But such strong pipes are now made that,
if builders would be more careful to make a good bed and to connect the
joints firmly, there would be little danger of leakage, as far as the pipe
drains are concerned, and not much damage of the main brick sewers. All
pipes, however, ought to be actually and carefully tested after being laid and
before being covered in, otherwise it is impossible to ensure their being
water tight, even when every thmg is sound to all appearance.

1 International H) gienic Congress at Paris, 1889.
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ammonia, and is united with sulphuric acid, and comes into the market as
sulphate. In England, also, there have been several manufactories.

.There have been great discussions as to the salubrity of the French
poudrette manufactories, and the evidence is that they are not injurious to
the workmen or to the neighbourhood, although often disagreeable. But
the poudrette can take on a kind of fermentation which renders it dangerous,
and Parent-Duchételet has recorded two cases of outbreaks of a fatal fever
(enteric?) on board ships loaded with poudrette.

Admizture with Deodorising and Anti- Putrescent Substances.

Usually, however, some deodorising substance is mixed with the excreta
before they are removed from the house, and they are then at once applied
to land without further preparation. Mr Moule’s advocacy of the use of
dried earth has brought into prominent notice the great deodorising powers
of this substance, and perhaps no suggestion of late years has had more
important consequences. The various substances employed to prevent
odour and decomposition are as follows :—

1. Coal and Wood Ashes,—This is a common practice in the north of
England, and closets are made with hinged flaps or seats, so that the coal
ashes may be thrown on the sewage. Sometimes screens are used, so that
the large cinders are held back, and can again be used for firing. In some
towns there are receptacles (middens) intended both for excreta and ashes;
sometimes these are cemented, but they are usually porous, and there may
be a pipe leading into a sewer, so0 as to dry them. The midden system is a
bad one ; even with every care the vast heaps of putrefying material which
accumulate in some of our towns must have a very deleterious influence on
the health, and the sooner all middens are abolished the better. The
deodorising effect of coal ashes is very slight. The mixture of coal ashes
and excreta usually finds a sale, but the profit is much greater if no ashes
are mixed with it. Wood ashes are far more powerful as deodorisers, but
it is not easy in this country to have a proper supply.

2. Charcoal.—There is no better deodoriser than charcoal.! Animal
charcoal is too expensive, and peat charcoal is cheaper; according to
Danchell, 3 ounces of peat charcoal are equal to 1} I of earth; and this
author states that the cost of charcoal for a family of six persons would
only be ls. 6d. per month. A plan has been proposed by Mr Stanford,?
and is in use at Glasgow, which may obviate the difficulty of price. Mr
Stanford proposes to obtain charcoal from sea-weed ; the charcoal is cheap,
and remarkably useful as a deodoriser. It has no oxidising effect, and
merely acts as a dryer (Corfield). After it has become thoroughly
impregnated with feces and urine, the mixture is recarbonised in a retort,
and the carbon can be again used; the distilled products (ammoniacal
liquor, containing acetate of lime, tar, gas) are sufficient to pay the cost,
and it is said even to give a profit.

The closet used with this carbon is, in principle, similar to Moule’s earth
closet, with various improvements for more thoroughly mixing the charcoal
and sewage.

The advantages claimed by Mr Stanford’s process are the complete
deodorising effect ; the small amount of charcoal required as compared with
dry ecarth (three-fourths less required); the value of the dry manure, or of

1 At Kreilingen, in Holland, a pail system is in use, where charcoal is employed made from
bnmlng town refuse. It appears to yield a product of sufficient value to pay itself.
3 Chemical News, June and October 1869 and February 1872.


















134 REMOVAL OF EXCRETA.

to before application to land. It does not appear that precipitation should
in all cases precede irrigation or filtration, though mechanical arrest of the
large suspended matters is necessary. There may be some towns, again,
in which the impossibility of getting water or land may necessitate the
employment of dry removal; and this is especially the case with small
towns and villages, where the expense of good sewers and of a good supply
of water is so great as to render it impossible to adopt removal by water.
It may, indeed, be said that, in small towns in agricultural districts, the dry
removal, if properly carried out, will be the best both for the inhabitants
and for the land.

The view here taken that no single system can meet all cases, and that
the circumstances of every locality must guide the decision, is not a com-
promise between opposing plans, but is simply the conclusion which
seems forced on us by the facts of the case. It does not invalidate the
conclusion already come to, that, where circumstances are favourable for
its efficient execution, the water-sewerage plan (with or without interception
of rainfall) is the best for large communities.



CHAPTER 1V.
AIR.

Ir might be inferred from the physiological evidence of the paramount
importance of proper aération of the blood, that the breathing of air ren-
dered impure from any cause is hurtful, and that the highest degree of
health is only possible when to the other conditions is added that of a pro-
per supply of pure air. Experience strengthens this inference. Statistical
inquiries on mortality prove beyond a doubt that of the causes of death
which are usually in action, impurity of the air is the most important.
Individual observations confirm this. No one who has paid any attention
to the condition of health, and the recovery from disease of those persons
who fall under his observation, can doubt that impurity of the air marvel-
lously affects the first, and influences, and sometimes even regulates, the
second. The average mortality in this country increases tolerably regularly
with density of population. Density of population usually implies poverty
and insufficient food, and unhealthy work ; but its main concomitant con-
dition is impurity of air from overcrowding, deficiency of cleanliness, and
imperfect removal of excreta, and when this condition is removed a very
dense and poor population may be perfectly healthy. The same evidence
of the effect of pure and impure air on health and mortality is still more
strikingly shown by horses; for in that case the question is more simple,
on account of the absolute similarity, in different periods or places, of food,
water, exercise, and treatment. Formerly, in the French army, the mortality
among the horses was enormous. Rossignol! states that previous to 1836
the mortality of the French cavalry horses varied from 180 to 197 per 1000
per annum. The enlargement of the stables, and the “increased quantity
of the ration of air,” reduced the loss in the next ten years to 68 per 1000.2
In 1862-66 the rate of death was reduced to 284 per 1000, and officers’
horses (the property of the State) to 20. The admissions for lung diseases
were, in 1849-52, 105, and in 1862-66, 3:59 ; for glanders, 1847-52, 23 ;
1862-66, 74.2 In the Italian war of 1859 M. Moulin, the chief veterinary
surgeon, kept 10,000 horses many months in barracks open to the external
air in place of closed stables. Scarcely any horses were sick, and only one
case of glanders occurred.*

In the English cavalry (and in English racing stables) the same facts are
well known. The annual mortality of cavalry horses (which was formerly
great) is now (1889) reduced to 231 per 1000.5> Glanders and farcy have
disappeared, and if a case occurs it is generally contracted in billets.

The food, exercise, and general treatment being the same, this result has

1 Traité &’ Hygiene Militaire, Paris, 1857.

2 Wilkinson, Journal of the Agricultural Society, No. 50, p. 91 et seq.

3 ¢ Vital Statistics of Cavalry Horses,” by Surgeon-General T. G. our, M.D., F.R.8,,
Journal of the Statistical Society, June 1880.

4 Larrey, Hygiéne des Hop. Mil., 1868, p. 63.

8 A.V.D. Report, 1889.
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motes, which are familiar to every one, as seen in the course of a ray of
light passing through a dark room, or when an electric beam is transmitted
through a tube. When the air is kept motionless they subside, so that
most of them have some weight, though some are so light as to float in
rarefied air (Tichborne);® when heated, Tyndall has shown that many of
them are burnt, and a little bluish mist arising from the combustion can
even be perceived; the destructible nature proves, of course, the organic
origin of those consumed, but does not show whether they are organised®or
not. That is a point, however, which can now be determined, to some
extent at least, by cultivation experiments.

Some of the substances collected from the external air in the garden of
St Mary’s Hospital, Paddington, are shown in plate No. 1.1

Suspended Matters in Enclosed Spaces.

1. Rooms tnhabited by Healthy Persons.—In all inhabited rooms which
are not perfectly ventilated, the presence of scaly epithelium, single and
tesselated ; round cells like nuclei, portions of fibres (cotton, linen, wool),
portions of food, bits of human hair, wood, and coal, can be found in
addition to the bodies which are present in the external air, though, as
pointed out by Watson, mineral matters and vegetable matters are not so
plentiful, as the comparative stillness of the air allows them to fall.2
Carnelley, Haldane, and Anderson show that there is an enormous increase
of bacterta in crowded and ill-ventilated rooms, whilst the moulds do not
increase to the same extent. When the moulds and bacteria in the external
air were as 2 to 6, in houses of four rooms and upwards they were as 4 to 85,
in two-roomed houses as 22 to 430, and in one-roomed houses as 12 to 580.
These are the actual numbers found per 10 litres of air.

In some cases articles of furniture may furnish certain substances; the
flock wall-papers, coloured green by arsenical preparations (especially
Scheele’s green and Schweinfiirth green), give off little particles of arsenical
dust into the room ;3 and it has been shown by Professor Fleck  that the
arsenious acid in the Schweinfiirth green, when in contact with moist
organic substances, and especially paste or size, forms arseniuretted hydrogen,®
which diffuses in the room, and is no doubt the cause of some of the cases of
arsenical poisoning from green papers.

2. Sick Rooms.—In addition to being vitiated by respiration, the air of
sick-rooms is contaminated by the abundant exhalations from the bodies of
the inmates, and by the effluvia from discharged excretions. The amount
of organic matter is known to be large, but it is difficult at present to give
a quantitative statement. The peculiar smell of an hospital is indeed very
remarkable, and its similarity in hospitals of different kinds seems to show
that the odorous®substance has a similar composition in many cases. The
reaction of ozone is never given in such an atmosphere.

1 Drawn by Inspector General J. D. Macdonald, R.N., F.R.8., from Three Reports on the
Sanitary condition of St Mary's Hospital, Paddington, by Surgeon-Major F. de Chaumont,
M.D., 1875-76.

2 Numerous observations on the air of barracks and military hospitals have been made by
medical officers of the army, especially by Drs de Chaumont, Frank, Hewlett (of Bombay),
Stanley, Baynes Reed, Venner, Wtson, and many others. (See the Army Medical Depart-
ment Annual Reports, from 1860-70).

3 Halley and many others.

& Zeitsch. fir Bio{oyie, Bd. viii. p. 445 (1872).

8 Perhaps other substances are also formed, such as cyanide of kakodyle, which is intensely
poisonous (Bartlett). ‘









DESCRIPTION OF PraTk I.
External Ar.

Fig. 1. Fragment of pine-wood.
1. Epidermis of hay, with fungus attached.
2. Linen fibres. N.B. The thick fibres crossing in lower third of plnte.
3. Epithelium (nucleated) from the mouth.
4. Do.  detached from the skin.
5. Cotton fibres.
6'. Feather, or down.
. Charred vegetable particles, and mineral matter.

(To Binder—To face Plate 1.)



DEscrrpTioON oF Pratx 11,
Accident Ward.

Fig. 1'. Epidermis of hay. 1. Do. with fungus attached.
2. Linen fibre.
2. Fungus filament. N.B. Long narrow filament in upper left of plate.
3. Nucleated epithelium from the mouth.
3a. Pus cells.
4. Worn epithelium from the skin.
4a. Charred vegetable particles. 4d. fungus spores.
Cotton fibre.
Woollen fibre.
Fragments of insects.
Pine pollen.
Dried-up palmellaceous frond.
Ciliated spore, probably of Vauchersa.
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(To Binder—To face Plate 11.)
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pluvialis, may be dried, and yet retain their vitality even for years, and may
be blown about in atmospheric currents ; and, should contagion be proved to
depend upon minute organisms, these might easily be carried about in a
similar way, either alone or carried by epithelium or other particles thrown
off from the bodies of patients. The success which has sometimes attended
the treatinent of pleuro-pneumonia in cattle by means of carbolic acid
(Crookes), and the apparent advantage of inhaling disinfectants in human
phthisis, seem to point to a similar active cause in those maladies ; and this
appears in some sort confirmed by the observations of Koch on the bactllus
of tubercle, which is said to have been found in the breath of phthisical
patients, and must therefore be in the air.

3. Workshops, Factories, and Mines.—Grinding of steel and iron, and
stones ; making metallic and pearl buttons; melting zinc; melting solder ;
carding and spinning textile fabrics of all kinds; grinding paint; making
cement, and in fact almost innumerable trades cause more or less dust,
derived from the fabrics and materials, to pass into the air.

Dr Sigerson ! found a black dust composed of carbon, iron (in the shape of
small jagged pieces and also as hollow balls ;5% of an inch in diameter),
and ash, in metal shops. In the air of a printing office there was enough
antimony to be chemically detected. In the air of stables were equine
hairs, epithelium, moth-cells, ovules, and various fungi.

In addition to these suspended matters, which vary with the kind of work,
the air of workshops is largely contaminated by respiration and by the com-
bustion of gas.

In mines the suspended matters are made up of the particles of the par-
ticular substance which is being worked, or of rock excavated to obtain
metals, of sooty matters from lamps and candles, and of substances derived
from blasting.

SuB-SEcTION II.—GASEOUS SUBSTANCES.

A great number of gases may pass into the atmosphere either from natural
causes or from the works of man.

Compounds of Carbon.—Carbon dioxide (abnormal if exceeding 0'5 in
1000 parts), carbon monoxide, carburetted hydrogen or methane, and peculiar
substances (gaseous) in sewer air.

Compounds of Sulphur.—Sulphur dioxide, sulphuric acid, hydrogen
sulphide, ammonium sulphide, and carbon disulphide.

Compounds of Chlorine.—Hydrochloric acid from alkali works.

Compounds of Nitrogen.—Ammonia and ammonium acetate, sulphide, and
carbonate (normal in small amount ?), and nitrous and nitric acids.

Compounds of Phosphorus.—Hydrogen phosphide.

Organic Vapours.—Of the exact composition of the vapours, often feetid,
which arise from various decomposing animal matters, little is known.

SuB-SEcTION III.—NATURE OF IMPURITIES IN CERTAIN SPECIAL CASES.
Atr Vitiated by Respiration.

Carbon Dioxide.—An adult man, in a state of repose, gives off in twenty-
four hours from 12 to 16 cubic feet or more, according to weight, of carbon

1 British Medical Journal, June 1870, from Memoirs of the Royal Irish Academy, in which
publication are some excellent observations by the same writer.
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dioxide, the most of it from the lungs, although he also emits an undeter-
mined quantity by the skin. On an average, an adult man, of say 12
stone weight, in a state of rest, may be considered to give to the atmos-
phere every hour not less than0-72 cubic foot of CO,. Women give off less,
about 0'6; and children and old people also give off a smaller amount.
The amount given off by women, say 0-6, may be adopted for a mixed
community.

The amount of CO, in pure air being assumed to be on an average 0-4 per
1000,! the quantity in the air of the rooms vitiated by respiration varies
within wide limits, and many analyses will be found in books. The follow-
ing table is a part of the numerous experiments on barrack-rooms by de
Chaumont on this point, in which the amount of CO, in the external air
was simultaneously determined. The analyses were made at night, when
the men were in the rooms. The cubic space per head was 600 feet in the
barracks and from 1200 to 1600 in the hospitals :—

Amount of Carbon Dioxide in 1000 Volumes of Air (de Chaumont).

i

COg in Room,
COq in Mean
External Largest Mean Respiratory
Alr. Af:x:nu;t Amount, Impurity.
BARRACKS.
rt New Barracks, . . . . 430 1846 645 215
Anglesey Barracks, . . . . ‘393 1971 1-404 1011
Aldershot, . . . . . . *440 1°408 ‘976 5636
Chelsea, . . . . . . 470 1176 718 248
Tower of London, . . . . . 420 1731 1338 898
Fort Elson (Casemate), . . . . 426 | 1-874 1209 784
Fort Brockhurst (Casemate), . . . *422 | 1-027 *838 416
MILITARY AND CiviL HospITALS. !
Portsmouth Garrison Hospital, . . +308 2°057 976 ‘870
Portsmouth Civil Infirmary, . . . ‘322 1-309 ‘928 ‘606
Herbert Hospital, . . . . . 424 730 472 ‘048
Hilsea Hosg’ltal, . . . . . *405 741 578 ‘178
St Mary's, Paddington, . . . .| 560 | 1534 847 287
MILITARY AND CrviL PRrIsoNs.

Aldershot Military Prison—Cells, . . *409 3:484 1651 1242
Gosport Military Prison—Cells, . . *556 2344 1-336 ‘780
Chatham Convict Prison—Cells, . . ‘452 | 3-097 1691 1-239

Pentonville Prison—Cells—Jebb’s system, 4207 | 1926 ‘989 569

The last column of the table shows the condition of the ventilation as
measured by the CO,; it is very satisfactory in the newer barracks (Gos-
port and Chelsea), but is much less 8o in the older barracks and casemates.
The Herbert and Hilsea military hospitals show excellent ventilation,
while the old-fashioned Portsmouth garrison hospital is in this respect very
bad. The prison cells show, in all cases, a very high degree of respiratory
impurity, and this must be one of the depressing influences of long cell
confinement. Wilson® gives some important information on this point.
In cells (in Portsmouth Convict Prison) of 614 cubic feet, always occupied,

1 The averag:_at—the park of Montsouris, at Paris, is only 08 ; see L'Annuaire; perhaps
0-35 would be more correct for country air. . .
2 Assumed at *420. 3 Handbook of Hyyienr, pp. 103-107.
X
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he found the CO,=0-720 per 1000 ; the prisoners were healthy and had a
good colour. In cells of 210 cubic feet, occupied only at night by prisoners
employed outside during the day, he found 1:044 per 1000 of CO,; the
occupants were all pale and angmic.

The CO4 of respiration is equally diffused through the air of a room
(Lassaigne, Pettenkofer, Roscoe); it is very rapidly got rid of by open-
ing windows, and in this respect differs from the organic matter, and
probably from the watery vapour; neither appears to diffuse rapidly or
equably through a room.

The amount of CO, is often much greater than in the above instances.
In a boys’ school with 67 boys and 4640 cubic feet (=69 cubic feet per
head) Roscoe found 31 parts of CO, per 1000. In one-roomed houses in
Dundee 3-21 per 1000 was found as a maximum by Carnelley, Haldane,
and Anderson ;! this was 2:63 above the external air. In a schoolroom,
naturally ventilated, with an average of 168 cubic feet per head, the mean
CO, was 186 and the maximum 3-78 ; in another, with the same space but
mechanically ventilated, the average was 1-23 and the maximum 1-96.2
In the Dundee Royal Infirmary (space per head from 1034 to 3182) the
CO, ranged from 041 to 078, or a range of respiratory impurity between
0'06 and 0'37.% In Leicester, in a room with six persons, and only 51
cubic feet of space per head, and with three gas lights burning, Mr Weaver ¢
found the CO, to be 5:28 parts per 1000; while in a girls’ schoolroom
(70 girls and 10,400 cubic feet, or 150 cubic feet per head), Pettenkofer
found no less than 7-230 parts per 1000. In many schools, workrooms,
and factories the amount of respiratory impurity must be as great as this,
and doubtless a constant unfavourable effect is produced on health.
Gartner ® found in the army corvette “Jackson” about 10 between decks,
as much as 6-42 in the sick-bay, 5-54 in the cells, and no less than 50 in
the powder magazine.

In a horse stable at the Ecole Militaire the amount was 7 per 1000. At
Hilsea, with a cubic space of 655 cubic feet per horse, the amount was 1-053 ;
and in another stable, with 1000 cubic feet per horse, only 0-593 per 1000
(de Chaumont). Mircker found 85 in a stable in Gottinge n,and no less
than 17-07 in a byre.

Mr Fred Smith ¢ has shown that the CO, determinations in stables are
greatly influenced by the amount of ammonia in the air interfering with the
reaction, thus indicating a factitious purity of atmosphere.

Motisture.—Organic Matter.—By the skin and lungs pass off from 25 to 40
ounces of water in twenty-four hours, to maintain which in a state of vapour
211 cubic feet of air per hour are necessary on an average. Of course,
however, temperature and the hygrometric condition of the air greatly
modify this. Organic matter is also given off from the skin and lungs, the
amount of which has never been precisely determined. Nor is it possible,
at present, to estimate it correctly. This organic matter must be partly
suspended, and is made up of small particles of epithelium and fatty matters
detached from the skin and mouth, and partly of an organic vapour from
the lungs and mouth. The organic matter from the lungs, when drawn
through sulphuric acid, darkens it; through permanganate of potash,
decolorises it; and through pure water, renders it offensive. Collected

1 0p. cit. 2 Op. cit. 3 Op. cit.

4 Mr Weaver gives several analyses in different public and private rooms in Leicester.
Lancet, July and August 187

5 Dewtsche Vierteljahrschrift fur sffentliche Gesundheitspflege, Bd. xiii. p. 369, 1881.

8 Veterinary Hygiene, p. 108,
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from the air by condensing the watery vapour on the sides of a globe
containing ice (as by Taddei in the wards of the Santa Maria Novella), it
is found to be precipitated by nitrate of silver, to decolorise potassium
permanganate, to blacken on platinum, and to yield ammonia. It is
therefore nitrogenous and oxidisable. It has a very feetid smell, and
this is retained in a room for so long a time, sometimes for four hours, even
when there is free ventilation, as to show that it is oxidised slowly. It is
probably in combination with water, for the most hygroscopic substances
absorb most of it. It is absorbed most by wool, feathers, damp walls, and
moist paper, and least by straw and horse-hair. The colour of the substance
influences its absorption in the following order :—black most, then blue,
yellow, and white. It is probably not a gas, but is molecular, and floats in
clouds through the air, as the odour is evidently not always equally diffused
through a room. In a room, the air of which is at first perfectly pure, but
is vitiated by respiration, the smell of organic matter is generally perceptible
when the COj4 reaches 08 per 1000 volumes, and is very strong when the
CO, amounts to 1 per 1000.! From experiments made at Gravesend,
Netley, Aldershot, and Hilsea, by various medical officers,? it has been
shown that the amount of potassium permanganate destroyed by air drawn
through its solution is generally in proportion to the amount of CO, of
respiration.

Carnelley, Haldane, and Anderson found that there was a general re-
lationship, so that a high CO, is, as a rule, accompanied by a high organic
matter, and vice versd, although this is by no means always the case.?

When the air of inhabited rooms is drawn through pure water, and the
free ammonia got rid off, distillation with alkaline permanganate, in the
method of Wanklyn, gives a perceptible quantity of *albuminoid ammonia.”
In a bed-room at 9 p.M., A. Smith* found 0:1901 milligrammes in 1 cubic
metre of air; at 7 A.M. there were 0-3346 milligrammes in each cubic metre.

The average of eight observations in the external air (at Portsmouth)
gave 00935 of free NHg, and 00886 of albuminoid NH, in milligrammes
per cubic metre. In the Portsmouth General Hospital the free NH; was as
high as 0-855, and the albuminoid 1-:307.5

The following is from de Chaumont’s Reports on the Ventilation Ex-
periments at St Mary’s Hospital, Paddington :—

Milligrammes per Cubic Metre.

Total
uminoid| O )
Freo N, [ Abgmiooid| Orgole |ozemior| ek
matter.
External air, . . . Air damp and still,
July 1875, } 08574 | 05280 | ... | 14300 { wind 8. W., slight.
\‘ards, . 06680 | 0°4710 1-4900
Do. . . 06669 | 0-6770 1-5100
ExDo. .1 . 03519 | 0°6915 1-3600 q a :
ternal air, . . . . Airdryand warm, win
Augas o7, % 00163 | 06208 | 0-4444 | 05714 { o e,
ards, . 00497 0-4622 0:3747 | 0°6621
Do. . . nil, 0-2824 0-2571 05142
Do. . . 00310 | 03576 0-3101 0°3567
Do. . . 00127 | 0-56269 0°2225 0°4451
Do. . . 0°010C | 0-3684 0-4420 | 06315

1 On this point see table at 184. 3 See note, p. 142. 3 Op. cit,

4 Air amiplotai P. 436.—11 expressed as grammes per million cubic metres, the amount
is 190°114 and 334601 ; in grains, in 1 million cubic feet, the numbers are 83-074 and
146210, 5 Moss, Lancet, Nov. 8, 1872.
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It is evident that the condition of the external air, with regard to move-
ment and humidity, has a great deal to do with the amount of organic
matter. The nitrogen acids are also met with ; in one instance, in the
above experiments, they reached in a ward 28484 milligrammes per cubic
metre, of which 07392 was nitrous and the rest nitric acid.

The Dundee experiments already cited state the organic matter in vols.
of oxygen required to oxidise it per 1,000,000. This is equal to c.c. per
cubic metre, each c.c. of oxygen weighing 143 of a milligramme. The
results are much higher than those in the above table, the mean oxygen for
organic matter in the external air in the town being 89, and in the suburbs
2'8 vola. per 1,000,000 ; they would equal 127 and 4 milligrammes re-
spectively. Indwellings it was found to increase, though not to the marked
extent that was observed in bacteria, but the increase was sufficiently pro-
portionate to the CO, to support the view that they are generally coincident,
although varying much in individual cases. On the other hand, there
seems little relation between the CO, and the number of micro-organisms.!

Atr vitiated by Combustion.

The products of firing pass out into the atmosphere at large ; those of
lighting are for the most part allowed to diffuse in the room.

Coal of average quality gives off in combustion—

1. Carbon.—About 1 per cent. of the coal is given off as fine carbon and
tarry particles.

2. Carbon dioxide.—In Manchester, Angus Smith calculated some years
ago that 15,000 tons of carbon dioxide were daily thrown out, and the
quantity must now be still larger. In London over 30,000 tons of coal a day
are consumed, and this would yield nearly 90,000 tons of carbon dioxide.

3. Carbon monoxide.—The amount depends on the perfection of combustion.

4. Sulphur, sulphur dioxide, and sulphuric acid.—The amount of sulphur
in coal varies from } to 6 or 7 per cent. In the air of Manchester, A. Smith
found 1 grain of sulphuric acid in 2000 and 1076 cubic feet.

5. Carbon disulphide.

6. Ammonium sulphide or carbonate.

7. Hydrogen sulphide (sometimes).

8. Water.

From some manufactories there pour out much greater quantities of SO,
(copper works), arsenical fumes, hydrogen sulphide, carbon dioxide, &e.

For complete combustion 1 I of coal demands about 240 cubic feet of air.

Wood produces carbon dioxide and monoxide and water in large quantity,
but few compounds of sulphur. 1 B of dried wood demands about 120
cubic feet of air for complete combustion.

Coal-gas, when fairly purified, is composed of —

In 100 parts.
Hydrogen, . 40 to 4558
Marsh gas (light carburetted hydrogen or methane), . 35 to 40
Carbon monoxide, . . 3 to 66
Olefiant gas (ethylene or ethene), 3 to 4
Acetylene (or ethine), 2 to 8
Hydrogen sulphide, 020 to 1
Nitrogen, 2 to 25
Carbon dioxide, 3 to 3875
1

Ammonia or ammoninm sn]phlde, (or in the best cannel-

Sulphur dioxide, . . } b to
Carbon disulphide, coal gas only traces).

1 Phil, Trans., loc. cit. Seo also ‘‘ The Determination of Organic Matter in the Air,” by
Professor Thos, éarnelle) D.Sc., and Wm. Mackie, M.A., University College, Dundee.—
Proc. Royal Society, vol. xli. p. 238,
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In some analyses the carbon monoxide has been as high as 11 per cent.,
and the light carburetted hydrogen 56 ; in such cases the amount of hydrogen
is small. As much as 60 grains of sulphur have been found in 100 cubic
feet of gas.! According to the standard of the Metropolitan Gas Referees,
all gas must be wholly free from H,S, the maximum of sulphur (in com-
pounds other than H,S), allowable is 17 grains per 100 cubic feet, and the
maximum of ammonia 18 4 grains per 100 cubic feet. In badly purified
gas there may be a great number of substances in small amount, especially
hydrocarbons and alcohols, such as propylene, butylene, amylene, benzole,
xylol, some of the nitrogenous oily bases, such as pyrrol, picoline, &c.?

‘When the gas is partly burnt, the hydrogen and light and heavy car-
buretted hydrogens are almost destroyed; nitrogen (67 per cent.), water
(16 per cent.), carbon dioxide (7 per cent.), and carbon monoxide (5 to 6
per cent.), with sulphur dioxide and ammonia, being the principal resultants.
And these products escape usually into the air of rooms. With perfect
combustion there will be little carbon monoxide.

According to the quality of .the gas, 1 cubic foot of gas will unite with
from 0-9 to 1'64 cubic feet of oxygen, and produces on an average 2 cubic
feet of carbon dioxide, and from 0-2 to 05 grains of sulphur dioxide. In
other words, 1 cubic foot of gas will destroy the entire oxygen of about 8
cubic feet of air. One cubic foot of gas will raise the temperature of 31,290
cubic feet of air 1° Fahr.

Mr Preece (Sanitary Congress, 1890), gave the following as the relative
power of different illuminants.

The standard of light being given by a No. 6 sperm candle, burning 120

grains per hour, the energy of one horse-power constantly expended will
give by the aid of —

Tallow, . . . . . . the light of 6 candles
Sperm, . . . . . »” 87
, . . . . . . » 9
Gas, . . . . . . » 183,
Electric current—Glow, . . . ,, 248 '
” Are, . s 1492 ”

The results to the air of these different modes of producing artificial
illumination are well shown by the following table :—

Products of Combustion in Developing 100 Candles per hour.

Quantity consumed, | CO, produced, | Water vapour, Heat,
Ibs. Gub. feet. 1bs. Calorics,
Tallow, . . . 22 51-2 28 9,700
Sperm, . . . 17 413 20 7,960
o, . . . . 13 336 18 7,200
Gas, . . . . 56 cub. ft. 40°3 25 12,150
Electricity, . . . (Coal) 22 00 00 257

0il.—A lamp with a moderately good wick burns about 154 grains of oil
per hour, consumes the oxygen of about 32 cubic feet of air, and produces
a little more than } a cubic foot of carbon dioxide; 1 I of oil demands from
140 to 160 cubic feet of air for complete combustion.

1 Chemical News, March 1865, p. 154. .
3 For a fuller list of these substances, which do not appear very important, see Pappenheim’e
Handbuch der San. Pol., Band iii., Supp. p. 261.






THE PRODUCTS OF COMBUSTION. 151

3-67, with a mean of 2:32, 8o that there was not much difference as far as
CO, went. As regards ammonia, however, the difference was great, for
(taking the external air ratio as 100) he found in the smoking car from 310
to 575, whilst in the ordinary cars it was only 135 to 175. None of the
peculiar products of the combustion of tobacco were found.!

Air vitiated by Efluvia from Sewage Matter and Air of Sewers.

Air of Cesspools.—The air of cesspools, and especially of the cemented
pits, which are still common in many continental towns, and which receive
little beyond the solid and liquid excreta and some of the house water, is
generally highly impure. Lévy? refers to an extreme case, in which the
oxygen was lessened to 20 per 1000, the nitrogen being 940 and the CO,
40. In this case apparently no other gases were present; but in most
instances there is a variable amount of hydrogen sulphide,® ammonium
sulphide, nitrogen, carbon dioxide, and carburetted hydrogen, in addition to
footid organic matters. These organic matters are in large amount; 62 feet
of the air of a cesspool destroyed, in Angus Smith’s experiments, as much
potassium permanganate as 176,000 cubic feet of pure air, though perhaps
some hydrogen sulphide may have been also present. Oesterlen ¢ states that
these gases will pass easily through walls; and M. Hennezel ® noticed that in
the “fosses d’aisances” in Paris, even in those covered with stone slabs and
earth, the wind blowing down the ventilating tube will force the gas through
the neighbouring walls, and then perhaps into the house.

The Air of Sewers.—In sewers the products of decomposition are variable,
as not only solid and liquid excreta and house water, but the washings and
débris of the strects, the refuse of trades, &c., pass into the sewers. As a
rule, the products of decomposition of sewage appear to be much the same
as noted above—viz., feetid organic matters, carbo-ammoniacal substances
condensing with the water of the air on the cold walls, carbon dioxide,
nitrogen, and hydrogen sulphide.® The proportions of these gases are
variable ;7 the most common are carbon dioxide and nitrogen ; marsh gas is
found when oxidation is impeded, and hydrogen sulphide and ammonium
sulphide, which form in the sewage in most cases, are liberated from time to
time. The gases, however, are, as a rule, of far less importance than the
feetid organic matters, the exact nature of which it would be most desirablo
to examine more thoroughly.

The organic vapour is carbo-ammoniacal ; the putrid substance in the
sewage appears, from Odling’s observations, to be allied to the compound
ammonias ; it contains more carbon than methylamine (NHy(CH,;)) and
less than ethylamine (NH,(C,H,) ).

The composition of sewer air will, of course, vary infinitely with the
amount of gases disengaged and the degree of ventilation in the sower. The
quantity of oxygen is sometimes in normal amount ; it may, however, be
diminished in very badly constructed sewers. Parent-Duchitelet gave an
analysis of the air of a choked sewer in Paris, which contained only 137-9
per 1000 of oxygen,® and no less than 299 per 1000 of hydrogen sulphide.

1 Reprint from the Sizth Annual Report of the Massachusells Board of Health.

3 Traité & Hygidne, 3rd edit., p. 636.

3 Barker, On Malaria and Miasmata, p. 245,

¢ Oesterlen, Hygicne, 1857, p. 445.

S Ann. d’Hygiéne, Oct. 1 p. 178.

¢ Qesterlen, glandb. der Hyg., 2nd edition, g) 445. L

7 Dr Letheby's experiments, as given in his official Report, in his article in the Ency-
clopaedia Britannica, 8th edition Eanihry Science), &c., and in a letter to Dr Adams (given
by Dr Adams in his pamphlet, The Sanifary Aspect of the Sewage Question, 1868, p. 34), are
the most complete on this subject. 8 Hygiene publ., t. 1. p. 209, footnote, and p. 890.
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. Excluding this analysis, the greatest impurity in the old Parisian sewers, as

determined by Gaultier de Claubry, in 19 analyses! in 1829, was 34 per
-1000 of carbon dioxide and 125 per 1000 of hydrogen sulphide (in different
samples of air).. The lowest amount of oxygen was 174 per 1000. Hydrogen
sulphide was present in 18 out of 19 cases, the mean of the whole 19 cases
being 81 per 1000. The mean amount of CO, in 19 cases was 23 per 1000.
In the present London sewers of good construction the air is much less
impure. Dr Letheby found only 5:32 per 1000 of CO, a good deal of
ammonia, and only traces of hydrogen sulphide and marsh Dr Miller’s
.experiments in 1867 2 gave a mean of only 1:06 per 1000 of CO, in 18
"analyses, and 3-07 per 1000 in 6 other instances, the oxygen 207-1 per 1000.
No hydrogen sulphide was present. Dr Russell examined the air in the
sewers of Paddington in August; the most impure air contained 207
oxygen, 787-98 nitrogen, and 5°1 volumes of CO, per 1000 ; there was very
little ammonia, and no hydrogen sulphide. In 1877 Beetz in Munich,
found 314 vols. CO,, and 022 vols. NH; per 1000, as an average of 5
analyses.

It is evident that, if we take the carbon dioxide and hydrogen sulphide
a8 indices, sewer air has no constant composition. It is sometimes almost
as pure as the outside air, while at other times it may be highly impure.
But these gases are probably the least important ingredients of sewer air;
that organic matters are present is evident from the peculiar feetid smell,
and in some cases they are in large amount ; 8000 cubic feet of the air of
a house into which sewer air had penetrated destroyed more than 20
times as much potassium permanganate as the same quantity of pure air
(Angus Smith). ~Fungi and bacteria grow rapidly in such air, and meat and
milk soon taint when exposed to it. 'When the sewer air passes through
charcoal these substances are absorbed ; they may be partly oxidised, as Dr
Miller found some nitric acid in the charcoal, but they also collect in the
charcoal, and can be recovered (in part at any rate) from it by distillation.®

‘We must also suppose, for facts leave us no other explanation, that those
unknown agencies which produce enteric fever may also be present, and
there can be little doubt that cholera* may occasionally spread in the
same way. The poison of yellow fever (as appears likely from the epidemic
in Madrid) may also exist in sewer air. Whether small-pox, scarlet fever,
&c., can own a similar channel of distribution is uncertain, although they
are no doubt aggravated by it; that dysentery and diarrhcea may also be
caused by exhalations proceeding from a foul sewer we cannot doubt, but the
precise agency is here also unknown. Diphtheria and acute follicular
tonsillitis are also associated with sewer air; and, if the discase does not
originate de novo, when once it breaks out, its tendency is to spread where
the air and soil are polluted by sewage.b

The experiments of Professor Frankland ¢ show that solid or liquid matter
is not likely to be scattered into the air from the sewage itself by any
agitation it is likely to undergo, until gas begins to be generated in it. He
found that no ordinary agitation (even greater than sewage is likely to
meet with) would scatter particles of lithia solution into the air, but
that the bursting of bubbles of carbon dioxide was sufficient to effect it.

1 Parent-Duchitelet’s Hyg. publique, t. i. p. 389.

3 Abstract in Chemical News, March 1868. 3 Miller, Chemical News, March 1868.

4 A case in which sewers probably played a part in the dissemination of cholera is given in
2:' Par}tes Report on the C'{olem in Southampton in 1866 to the Medical Officer of the Privy

ounci

8 See L. G. B., Reports on Diphtheria at Tredegar, and at l’ontypndd by Mr John Spear,
1890. '8 Proc. Roy. Socy 1677, !
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Hence he argues (with apparent truth) that sewage becomes dangerous in
this way only after the setting in of decomposition, so that if we take
proper steps to carry away sewage at once the danger becomes reduced to a
minimum.

Dr D. D. Cunningham found large quantities of dacteria in the air of the
Calcutta sewers.

Miquel states that the air of sewers is always more or less charged with
bacteria. In some experiments made in the sewer of the Rue de Rivoli, in
Paris, he found from 800 to 900 bacteria per cubic metre, this number
being tolerably constant.

Dr J. D. Robertson,! of Penrith, has made bacteriological investigations
into the air of sewers, and has found various forms of coccs, bacteria, and
bacilli to be present, besides moulds. The most common forms were bacillz,
which showed a great preponderance over micrococcs ; whereas in the open
air, cocci forms were more numerous than bacilli. The average number of
micro-organisms per litre was 4'2 in sewer air (15 experiments), and 57 in
open air (10 experiments).

Dr Alfred Carpenter? found that very minute highly refractive organisms,
smaller than ordinary micrococci, were present in sewer air, coincidentally
with the occurrence of a peculiar sweet hay-like odour ; he never perceived
this peculiar smell without getting a relaxed throat, and a cough in the next
day or two, and on two occasions, a distinct feverish attack lasting 48
hours. At other times there was a smell of sulphuretted hydrogen, but
then no such micro-organisms would be present. He concluded that these
minute organisms were the cause of the feverish sore throat.

The experiments of Carnelley and Haldane on the air in the sewers of the
Houses of Parliament, and in Dundee, led them to the following conclu-
sions :—(1) That the air of the sewers was much better than might have
been expected ; (2) that the carbonic acid was about twice, and the organic
matter rather more than three times as great as in the outside air at the
same time, whereas the number of micro-organisms was less; (3) that, in
reference to the quantity of these three constituents, the sewer air was in a
very much better condition than that of naturally ventilated schools, and
that, with the notable exception of organic matter, it had likewise the
advantage of mechanically ventilated schools; (4) that the sewer air con-
tained a much smaller number of organisms than any class of house.

In the Westminster sewer the CO, ranged from 0-49 to 0-89 per 1000
vols,, the oxygen required for oxidisable matter from 1 to 129 vols. per
1,000,000, and the micro-organisms from 05 to 38 per litre; in the Dundee
sewers these numbers were respectively 0-55 to 109, 3-1 to 182, and 25 to
25. The average results of the whole series were—

, CO;. ’ Oxygen. otganisms.
In sewers, . . . . 075 72 89
In outside air, . . . 0-37 22 15°9

They consider that the CO, is chiefly due to the oxidation of organic
matter in the sewage and sewer air, and that the micro-organisms present in
sewer air are derived from the outside air and not from the sewage itself.?

1 B.M.J., Dec. 15, 1888. 3 B.M.J., June 22, 1889.
3 Proc. Roy Soc., June 1887, vol. xlii.
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Air of Churchyards and Vaults.

The decomposition of bodies gives rise to a very large amount of carbon
dioxide. It has been calculated that, when intramural burial was carried
on in London, 24 millions of cubic feet of CO were disengaged annually
from the 52,000 bodies then buried. Ammoma and an offensive putrid
vapour are also given off. The air of most cemeteries is richer in CO, than
ordinary air (07 to 0'9 per 1000, Ramon da Luna), and the organic matter
is perceptibly larger when tested by potassium permanganate. In vaults,
the air contains much CO,, carbonate or sulphide of ammonium, nitrogen,
hydrogen sulphide, and organic matter (Pellieux). Waller Lewes found
little SH,;, or CH,, or cyanogen, or hydrogen phosphide. In his experiments
the gas afways extinguished flame. Fung: and germs of tnfusoria abound.

Air vitiated by certain Trades.

Hydrochloric acid gas, from alkali works.

Sulphur dioxide and sulphuric acid, from copper works—bleaching.

Hydrogen sulphide, from several chemical works, especially of ammonia.

Carbon dioxide, carbon monoxide, and hydrogen sulphide, from brick-
fields and cement-works.

Carbon monoxide (in addition to above cases), from iron furnaces, may
amount to from 22 to 25 per cent. (Letheby); from copper furnaces, 15 to
19 per cent. (Letheby).

Organic vapours, from glue refiners, bone-burners, slaughter-houses,
knackeries.

Zinc fumes (oxide of zinc), from brassfounders.

Arsenical fumes, from copper smelting.

Phosphoric fumes, from manufacture of matches.

Carbon disulphide, from some india-rubber works.

Air of Towns.

The air of towns may be vitiated by respiration, combustion, efluvia from
the soil, sewers, and trades. The movement of the air tends, however, to
continually dilute and remove these impurities, and the heavier particles
deposit, so that the air even of manufacturing towns is purer than might
have been anticipated. The amount of oxygen in the atmosphere in the
purest air near the surface of the earth, being taken as from 209 to 209-9
per 1000 volumes, and the carbon dioxide being from 03 to 0-45 per 1000,
with a mean of 0-4, it would appear, from Angus Smith’s observations,! that
in a crowded part of Manchester, exposed to smoke, the amount of oxygen
was from 208:68 to 201'79 per 1000 ; the average of the street air taken
from the laboratory front door was, in Manchester, 209-43 ; of the closet, a
midden bchind the laboratory, 207. In the London air, in the open spaces,
the oxygen amounted to 2095 ; in the crowded eastern districts to 208-57.3
In a foggy frost, in Manchester, when the smoke was not moving much, the
amount was 209'1. In Glasgow the average was 209:092. The variations
are, therefore, within narrow limits.

The percentage lessening of oxygen in atmospheric air is partly made up
by an increase in the carbon dioxide ; but if a town is well built, the increase
is trifling ; the mean amount of CO, for London, in Roscoe’s experiments,
was only 0-37 per 1000 volumes ; in Manchester, in usual weather, A. Smith

1 Asr and Rain, p. 24. 3 A, Smith, op. cit., p. 80.
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which amounts perhaps, to 06 or 0'8 or more per 1000 volumes. Watery
vapour is usually in large quantity. Hydrogen sulphide is present, if the
water of the marsh contains sulphates, which in presence of organic matter
are converted into sulphides, from which SH, is derived by the action of
vegetable acids, Marsh gas is also often present, and occasionally free
hydrogen and ammonia, and, it is said, hydrogen phosphide.!

Organic matter also exists in considerable quantity. Discovered by
Vaugquelin (1810 and 1811, in the air collected over the Languedoc marshes),
by De Lisle, and again by Moscati (1818, in the air of a Lombardy rice-
field), and examined by Boussingault (1829, 1839), Gigot (1859), and Becchi
(1861), the organic matter seems to have much the same character always.
It blackens sulphuric acid when the air is drawn through it ; gives a reddish
colour to nitrate of silver; has a flocculent appearance, and sometimes a
peculiar marshy smell, and, heated with soda-lime, affords evidence of
ammonia. The amount in Becchi’s experiments was 0°00027 grammes in a
cubic metre of air (=0'000118 grains in 1 cubic foot). Ozone, led through
a solution of this organic matter, did not destroy it. It is said to destroy
quinine. Besides the organic matter, various vegetable matters and animals,
floating in the air, are arrested when the air of marshes is drawn through
water or sulphuric acid, and débris of plants, #nfusorta, insects, and even, it
is said, small crustacea, are found ; the ascensional force given by the eva-
poration of water seems, indeed, to be sufficient to lift comparatively large
animals into the air. Dr M. P. Balestra? has described spores and sporangia
of a little algoid plant in the air of Rome and its vicinity, and the same plant
is found abundantly in the water of the marshes near Rome. Balestra is
inclined to attribute marsh fever to this widely-diffused  microphyte
granule” ; whilst the researches of Klebs and Tommasi-Crudeli have led
them to attribute it to a form of Jactllus, which they have called B. malarice.3
It has been stated that ozone is deficient in the air over marshes, but the
observations of Burdel ¢ do not confirm this. He often found as much ozone
as in other air. 1In the air collected from the surface of lakes containing
some aquatic plants, especially Ckara, there is a large proportion of oxygen,
and this air gives, near the surface, the reaction of ozone (Clemens), while at
some feet above the reaction is lost. This is usually ascribed to the oxida-
tion of organic matter, which rises simultaneously from the water.

Air in the Holds of Ships.

The air in the holds of ships is compounded of exhalations from the wood,
bilge-water, and cargo. Owing to the comparative immobility of the air, it
often hecomes extremely foul. The composition is not known, but the smell
of hydrogen sulphide is very perceptible, and white paint is blackened. In
some cases, when the water-tanks are filled with condensed water from the
engines, which is not well cooled, the hold may become extremely hot (100°
to 120° Fahr.), and decomposition be much increased.

Air in Mines.
In the metalliferous mines the air, according to Angus Smith,® is poor in

1 Toropoff (of St Petersburg) considers malaria poison e(fmeoua ; after removing water,
oxygen, and carbon dioxide, he found marsh air stillp‘;'ield 84 to 89 per cent. of gaseous
matter, whilst hill air gave only 81. 3 Comptes Rendus, 1870, No. 3, July, p. 2365.

3 Studii sulla Natura della Malaria, Roma, 1879.

4 Recherches sur les fidvres paludéennes, 1858,

5 Report on Mines, Blue Book, 1864,
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oxygen (205 per 1000 sometimes) and very rich in carbon dioxide (7-85
per 1000 volumes on a mean of many experiments). It also contains
organic matter, giving, when burnt, the smell of burnt feathers, in uncer-
tain amount. These impurities arise from respiration, combustion from
lights, and from gunpowder blasting. This latter process adds to the air,
in addition to carbon dioxide, carbon monoxide, hydrogen and hydrogen
sulphide, various solid particles, consisting of suspended salts, which may
amount to as much as 6 or 7 milligrammes in each cubic metre of air.
These suspended substances are principally potassium sulphate, carbonate,
hyposulphite, sulphide, sulphocyanide, and nitrate, carbon, sulphur, and
ammonium sesquicarbonate. Much of this may be avoided by the process
of getting coal, by means of compressed quicklime, which is slaked in holes
drilled in the coal.

Dr T. G. Nasmyth found the average amount of CO, present in moderately
deep coal mines to be 1-81 per 1000, and in deep mines of over 100 fathoms,
2-19 per 1000 : the oxygen in deep mines was 204 vols. per 1000; and the
amount of oxygen required to oxidise oxidisable matter, both in the deep
and in the moderately deep mines, was 30 vols. per million. Micrococei,
bacteria, and bacilli, as well as yeasts and moulds, were found by cultivation
experiments.!

SECTION II.
DISEASES PRODUCED BY IMPURITIES IN AIR.

SuB-SecTiON I.—SUSPENDED SoLID MATTERS.

1. Inorganic and Inanimate Substances.—The effect which is produced
on the respiratory organs by substances inhaled into the lungs has long been
known. Ramazzini and several other writers in the last century, and
Thackrah more than fifty years ago in this country, directed special atten-
tion to this point, and since that time a great amount of evidence has
accumulated,? which shows that the effect of dust of different kinds in the
air is a far more potent cause of respiratory diseases than is usually ad-
mitted. Affections of the digestive organs are also caused, but in a much
slighter degree. The respiratory affections are frequently recurring catarrhs
(either dry or with expectoration) and bronchitis, with subsequent emphy-
sema, although this sequence appears from the figures given by Hirt to be
not quite so frequent as was supposed, perhaps from the cough not being
violent. Acute pneumonia, and especially chronic non-tubercular phthisis,
are also produced. The suspended matters in the air which may produce
these affections may be mineral, vegetable, or animal; but it would seem
that the severity of the effects is chiefly dependent on the amount of dust,
and on the physical conditions as to angularity, roughness, or smoothness
of the particles, and not on the nature of the suhstance, except in some
special cases. A large number of the unhealthy trades are chiefly so from

! B.M.J., 1888, ii. 222. . . .

3 The whole subject has been very carefully investigated by Hirt. Die Krankheiten der
Arbeiter, Erste Theil, Staubinhalations-Krankheiten, von Dr L. Hirt, 1871. See also Petten-
kofer and Ziemssen's Handbuch der Hygiene und Gewerbe K mnkh'ellen. Dr J. T. Arlidge—
Milroy Lectures on Occupations and Trades in relation to Public Health. B.M.J., March
and April, 1889. There is also much information in the Supp. l 45th Report of Reg. General,
by Dr Ogle.
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that in all coal-mining districts miners have a lower mortality than the
general population from phthisis and respiratory diseases, except in South
‘Wales and Staffordshire, though even here the phthisis mortality is lower :—

Comparative Mortality.
MINERs. ALL MALES,
fra
Phitista, | BRI | prnygyy, | Bespiratory
8 Durham and Northumberland, . 136 122 178 156
@ | Lancashire, . . . . . 125 229 250 307
& ) West Riding, . . . . m 172 285 218
= Derby and Notts, . . . . 118 188 166 148
‘g | Staffordshire, . . . . 102 260 174 226
O \S. Wales and Monmouth, . . 166 293 202 209
Iron. North Riding and other Districts, 141 206 — —
Tin. Cornwall, . . . ' . 690 458 203 165 |

In the pottery trade all classes of workmen are exposed to dust, especially,
however, the flat-pressers. So common is emphysema that it is called * the
potters’ asthma.”

So also among the china scourers ; the light flint dust disengaged in great
quantities is a “terrible irritant.” Dr Greenhow states that a// sooner or
later become  asthmatical.”

The grinders of steel, especially of the finer tools, are perhaps the most
fatally attacked of all, though of late years the evil has been somewhat
lessened by the introduction of wet-grinding in some cases, by the use of
ventilated wheel-boxes, and by covering the work with linen covers when
practicable. The wearing of masks and coverings for the mouth appears to
be inconvenient, otherwise there is no doubt that a great amount of the dust
might be stopped by very simple contrivances.!

Button-makers, especially the makers of pearl buttons, also suffer from
chronic bronchitis, which is often attended with hemoptysis. So also pin-
pointers, some electro-plate workmen, and many other trades of the like
kind, are more or less similarly affected.

In some of the textile manufactures much harm is done in the same way.
In the carding rooms of cotton, and wool, and silk spinners, there is a great
amount of dust and flue, and the daily grinding of the engines disengages
also fine particles of steel. Since the cotton famine, a size composed in part
of china clay (3535 grains of clay in 100 of sizing on an average) has been
much used in cotton mills, and the dust arising has produced injurious
effects on the lungs of the weaver.?

In order to communicate the necessary amount of humidity, without
which the warp thus sized with china clay could not be woven, of late years
steam has been injected into the weaving sheds, so that the weavers, instead
of breathing in dust, fill their lungs with moisture, and work all day in
damp clothes, becoming very liable to bronchitis, &c., on leaving the over-
heated factory.

In flax factories a very irritating dust is produced in the process of hack-
ling, carding, line preparing, and tow-spinning. Of 107 operatives, whose

1 See for further particulars and much interesting information Dr Hall’s paper read at the
Social Science Congress in 18685,

3 G. Buchanan’s Report on certain Sizing Processes used sn the Cotlon Manyfacture at
Todmorden. Ordered to be printed by the House of Commons, May 1872 ; also Report by
Dr Bridges and Mr Osborn. B.MJ., April 6, 1889.
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cases were taken indiscriminately by Dr Greenhow, no less than 79 were
suffering from bronchial irritation, and in 19 of these there had been
hemoptysis. Among 27 hacklers, 23 were diseased.! In shoddy factories,
also, the same thing occurs. These ovils appear to be entirely and easily
preventible. In some kinds of glass-making, also, the workmen suffer from
floating particles of sand and felspar, and sometimes potash or soda-salts.

The makers of grindingstones suffer in the same way; and children
working in the making of sand-paper are seriously affected, sometimes in a
very short time, by the inhalation of fine particles of sand into the lungs.

In making Portland cement, the burnt masses of cement are ground down
and then the powder is shovelled into sacks; the workmen doing this cough
a great deal, and often expectorate little masses of cement. Some of them
have stated that if they had to do the same work every day it would be
impossible to continue it on account of the lung affection. Sir Charles
Cameron has called attention to the fatal effects of vapours of silicon
fluoride in making superphosphate; it forms a gelatinous deposit on the
mucous membrane of the air passages, and causes death by suffocation.?

The mortality among workers in certain dust-producing trades from
phthisis and respiratory disease, as compared with the mortality in England
and Wales generally, is shown in the following table, deaths from all causes
in males being taken as 1000 :—

Comparative Mortality.
Phthisis. Respiratory Diseases.
All Males (Enﬁhnd and Wales), . . . 220 . . 182
Earthenware Manufacturers,. . . . 473 . . 645
File makers, . . . . . . . 433 . . 860
Miners (Cornwall), . . . . . . 690 . . 458
Printers, . . . . 461 . . 166

The makers of matches, who were exposed to the fumes of phosphorus,
suffered formerly from necrosis of the jaw, if there were any exposed part
on which the fumes could act. This, however, is now obviated by the use
of amorphous or red phosphorus, which is harmless.

In making bichromate of potash, the heat and vapour employed carry up
fine particles, which lodge in the nose and cause great irritation, and finally
ulceration, and destruction of both mucous membrane and bone. Those
who take snuff escape this. The mouth is not affected, as the fluids dissolve
and get rid of the salt. The skin is also irritated if the salt is rubbed on it, and
fistulous sores are apt to be produced. No effect is noticed to be produced on
the lungs.® Washing the skin with subacetate of lead is the best treatment.

In the process of sulphuring vines the eyes often suffer, and sometimes
(especially when lime is used with the sulphur) decided bronchitis is produced.

In some trades, or under special circumstances, the fumes of metals, or
particles of metallic compounds, pass into the air. Brassfounders suffer
from bronchitis and asthma, as in other trades in which dust is inhaled ;
but in addition they also suffer from the disease described by Thackrah as
“brass ague,” and by Dr Greenhow as “brassfounder’s ague.” It has been
thought to have been produced by the inhalation of fumes of zinc oxide ;*

1 Sir J. Simon’'s Fourth Report, p. 19.

3 On the Toxicity of Silicon Fluoride, by Sir Charles A. Cameron, M.D., &c., reprinted
from the Dublin Journal of Medical Science, January 1887,

3 Chevallier, Ann. d’Hygiéne, July 1863, p. 83,

4 Some doubt has been expressed as to those symptoms being produced by pure zinc fumes ;
see Hirt (op. cit.), who says that men employed in making zinc houses, where they inhale pure
zinc fumes without copper, never suffer from brassfounder’s ague. On the other hand, he
describes very graphically the effect of the metallic fumes (copper ?) on himself. The workmen
think that drinking large quantities of milk lessens the severity of the attacks.
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contained the minute scabs with the epidermic scales and variolous corpuscles
which are thrown off from the skin in smallpox. Some modern expositors
of the old doctrine of fomites would consider these organic matters to be
inconceivably minute particles of living, or to use Dr Beale’s phrase, bioplastic
matter, which is capable, he believes, of wonderfully rapid growth under
proper conditions.! But it is now known that some, and it is probable that
many more, of the disease poisons are really living organisms, such as the
bacteria mentioned in the preceding paragraph.

The specific poisons manifestly differ in the ease with which they are
oxidised and destroyed. The poison of typhus exanthematicus is very
readily got rid of by free ventilation, by means of which it must be at once
diluted and oxidised, so that a few feet give, under such circumstances,
sufficient protection. This is the case also with the poison of oriental plague,
while, on the other hand, the poisons of smallpox and scarlet fever will
spread in spite of very free ventilation, and retain their power of causing the
same disease for a long time. In the caseof malaria the process of oxida-
tion must be slow, since the poison can certainly be carried for many hun-
dred yards, even sometimes for more than a mile in an upward direction (up
a ravine, for instance), or horizontally, if it does not pass over the surface of
.water. The poison of cholera, also, some have supposed, can be blown by
the winds for some distance ; but the most recent observations on its mode
of spread lead to the conclusion that the portability of the poison in this way
has been greatly overrated. The poison of diphtheria is said also to be
transported some distance by wind. ’

But the specific poisons are not the only suspended substances which thus
float through the atmosphere.

There can be no doubt that while purulent and granular ophthalmia most
frequently spread by direct transference of the pus or epithelium cells, by
means of towels, &c., and that erysipelas and hospital gangrene, in surgical
wards, are often carried in a similar way, by dirty sponges and dressings,
another mode of transference is by the passage into the atmosphere of disin-
tegrating pus cells and putrefying organic particles, and hence the great effect
of free ventilation in military ophthalmia (Stromeyer), and in erysipelas 2 and
hospital gangrene. In both these diseases great evaporation from the walls
or floor seems in some way to aid the diffusion, either by giving a great
degree of humidity or in some other way. The practice of frequently wash-
ing the floors of hospitals is well known to increase the chance of erysipelas,
and this might be explained, as von Niigeli suggests, by the moisture and
subsequent drying helping the development and subsequent dissemination of
minute organisms.

SuB-Secrion I1I.—Gaseous MATTERS.

(a) Carbon Dioxide—The normal quantity of CO, being 03 to 04
volumes per 1000, it produces fatal results when the amount reaches from
650 to 100 per 1000 volumes; and at an amount much below this, 15 to 20
per 1000, it produces, in some persons at any rate, severe headache. Other
persons can inhale, for a brief period, considerable quantities of carbon
dioxide without injury ;3 and animals can be kept for a long time in an
atmosphere highly 